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The “printed circuit” process continues to be the basic interconnecting 
technique for electronic components. There has been no serious com- 
petition in the past and none looms in the future. The fundamental 
building blocks for this process also remain intact, specifically: careful 
design practices, plating and etching chemistry, metal-clad plastic 
machining, and photopolymers and plastics control. However, the 
industry has spent a great deal of time and effort to achieve more 
precision and lower costs and to find new applications, all with greater 
quality. The result has been an extension and evolution of the original 
process rather than the rise of substitute processes. The changes, as 
they evolved over the past years, have been profound; and while the 
process described in the first edition will still produce a basic board, it 
obviously does not address areas that were developed after its publica- 
tion. This evolutionary process also applies to the material in the 
second edition of the “Printed Circuits Handbook.” 

We have revised almost all of the material to update and emphasize 
those areas in the original process that have changed. We have also 
added chapters to provide detailed development and control informa- 
tion in the dominant variations of the process, namely multilayer and 
flexible printed wiring. This book, therefore, is not just a more current 
set of data on the basics but also contains an almost new book on a large 
area of material not addressed in the first edition. 

Many of these new developments, such as dry film resist, NC drill- 
ing, additive circuits, and industry standards, are extremely important 
to our ability to fabricate, control, assemble, and test circuit boards on 
an efficient, competitive basis. Some developments are extensions of 
the basic processes into more complex applications. Other develop- 
ments—such as pollution control and process-waste treatment—are 
critical to the survival of a shop in general. All of these developments 
are described in this edition with the same detailed “how-to” approach 
used in the first edition. 

The term “printed circuit” has been controversial since its original 
Usage. Many have found it less definitive than “etched wiring” or 
“printed wiring” and, over the years, these more descriptive terms have 
Senerally been included in more and more official documentation. 


xt 
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However, “printed circuits” has meant what is in this book to most 
people from the beginning and seems to have passed into the world’s 
language as the most recognized and used, if not most technically 
correct, term. Therefore, this book continues to be titled “The Printed 
Circuits Handbook.” In the text of the book itself, however, we have 
chosen “printed wiring” as the preferred term. 

Special appreciation is due to the IPC (The Institute for Intercon- 
necting and Packaging Electronic Circuits) and its Executive Director, 
Ray Pritchard, for the full and sincere cooperation I have received in 
the preparation of this book. I’m sure it was a lot more work than was 
expected. I would also like to acknowledge the support and encourage- 
ment of Ray Demere and Bob Watson at Hewlett-Packard, And a 
special thanks to Sallie Wells Carlson for her help on spelling and other 
technical production problems. 


Clyde F. Coombs, Jr. 
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INTRODUCTION <— 
ially, printed wiring was developed to adapt an interconnection method to mass 
aon and eet schemes and to economize on weight and space in military 
‘equipment. It was soon apparent, however, that other advantages would accrue from its 
use. The close control over and reproducibility of electrical parameters was soon recog- 
nized as an important and valuable attribute. Wiring bulk was greatly reduced. Wiring 
errors, except those in the initial design, were all but eliminated. a 
Printed wiring was soon found to have the design flexibility to provide characteristics 
(electrical and mechanical) compatible with all types of electronic equipment. The 
adaptability of printed wiring to automation, in both fabrication and use, not only a 
in cost savings but also, and more importantly, facilitated controls for enhanced reliability 
electronic system. ‘ 
ay wae enon ever better than its original design or the materials from which it 
is made. The manufacturing process can, at best, merely reproduce the design. That is as 
true of printed wiring assemblies as of any other product the design cycle of which must 
be repeated with each new board, and the design layout is usually done by a draftsman or 
other nonengineering person. The need for formalizing layout and design methods and 
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procedures can, therefore, assume critical proportions. The purpose of this chapter is to 
provide information that leads to thoughtful decisions and helps to ensure that all 
pertinent design and layout parameters have been considered. 


GENERAL CONSIDERATIONS 


“Design and layout” includes the perspective of total system hardware, which includes 
not only the printed wiring but each and every component in its final orientation. Design 
and layout considerations must also encompass the relations between and interactions of 
the components and assemblies throughout the system. Therefore, some major considera- 
tions will be the following: 

1. User system objectives 

2, Product specifications 

3. Life expectancy 

4, Electronic circuit gain, impedance, voltage, etc. 

5. Maintenance concepts at the component level, in service (dynamic), out of service 
(bench repair), and one-shot with no adjustment or maintenance (throwaway) 

6. Environment for storage, assembly, transportation, use, and repair 

7. Compatibility of manufacturing method with organization plan, size of production 
lot, and degree and type of mechanization 

8. Material and component sources, performance data, availability, cost, and verifica- 
tion screening for specific relevant design data 

‘These functional and performance requirements, including any particular special con- 
siderations, must be properly balanced. As in all kinds of design, many trade-offs must be 
made in the course of developing the optimum final solution, It is not possible to fulfill all 
aims completely and adequately and also give top priority to every trade-off involved, 
‘Therefore, the least possible number of constraints should be imposed upon the design 
and the associated artwork. 

‘The trade-off curves of Figs. 1.1 and 1.2 demonstrate a few of the contradictions that 

often must be resolved. Accurate and meaningful analysis can be achieved best by 
utilizing the combined judgments of people with diverse design and manufacturing 
experience. 
1. Printed Wiring Selection The basic function of printed wiring is to provide support for 
circuit components and to interconnect the components electrically. To achieve these 
results, numerous printed wiring types have been developed; they vary in base dielectric 
material, conductor type, number of conductor planes, rigidity, etc. As previously stated, 
the printed wiring designer should be familiar with the variations and their effect on cost, 
component placement, wiring density, delivery cycles, and functional performance. Oth- 
erwise, he will be unable to select the printed wiring structure with the optimum 
combination of features for the particular electronic apparatus or system requirements, 


2. Decision to Use Printed Wiring Although there are frequently good and definite reasons 
for using printed wiring, there are also potential misapplications; and awareness of the 
latter will preclude ultimate failure. As with any good thing, there are limitations and 
associated problems which can cause trouble if not recognized. By careful review of the 
technology, most such limitations and associated problems can be avoided. 
‘The basic advantages of using printed wiring instead of other interconnection wiring 

and component-mounting techniques are found in the following areas: 
7 1. The physical characteristics of printed wiring lend themselves to greater versatil- 
ity in packaging design than does conventional wiring. 

2. Wiring is permanently attached to the dielectric base, which also provides a 
mounting surface for the circuit components. 

3. When printed wiring is properly applied, miswiring or short-circuited wiring is 
not normally possible. 

4. High level of repeatability affords uniformity of electrical characteristics from 
assembly to assembly. 
A 5. The printed wiring technique significantly reduces the bulk and weight of 
seeptieenae wiring. Planar construction provides a very neat means of routing 
conductors. 
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6. The location of parts is fixed; identification is simplified; and color coding of 
conductors is eliminated. 

7. The printed wiring process lends itself to the use of visual aids to speed accurate 
component mounting. Assembly errors are thereby minimized, and the complexity, time, 
and cost of the testing and checking process are reduced. 

8. Printed wiring personnel require minimal technical skill and training, 

9. Mass-manufacturing processes and automated techniques can be wu! ized. 

10. Maintenance of electronic equipment and systems is simplified. 

Some of the more apparent disadvantages of using printed wiring instead of alternate 
techniques are as follows: 

1. The design of printed wiring requires special skills in layout of components and 
interconnections because of the regimentation imposed by the essentially planar 
structure. 

2. Utilization of equipment space is limited to planar partitioning. 

3. Lead time from initial design stage to delivery of the end product may be lengthy. 

4, Design is difficult to change after it has been documented and tooled. 

5. Low-quantity tooling is relatively expensive. 

6. Repair of printed wiring is sometimes difficult and in some applications is not 


permitted. 
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Fig. 1.1. Typical reliability trade-off curves. 


3. Printed Wiring Types There are three basic types of printed wiring structures. They are 
listed below in ascending order of interconnection wiring and component density (either 
flexible or rigid): 
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1. Single-sided with conductors on only one surface of a dielectric base. 

2. Double-sided with conductors on both sides of a dielectric base that are usually 
interconnected by plated-through or otherwise reinforced holes. 

3. Multilayer structures with three or more conductor layers separated by dielectric 
material and usually interconnected by plated-through interlayer holes (see Chap, 23). 
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Fig. 1.2 Typical cost trade-off curves, 


4. Packaging Density Packaging density is one of the most difficult i ch 
peonlise, That is due mainly to the differences in printed atone pear 
m apes number of component leads, and the variable complexity of interconnection, 
ge. e component lead pattern places a limit on the amount of circuitry that can be 
cree ively packaged on a printed wiring structure. As a measure of the packaging density 
via ee wiring structure, the number of component mounting holes per square inch of 
Sable surface can be used. The ratio, although not perfect in application, can be used to 
te cae us amount of circuitry that can be efficiently interconnected on different printed 
‘nla dl se ae Based on this design parameter, the following generalized relation- 


Printed Wiring Holeslin® 
Single-sided . . 3-10 
Double-sided 10-20 


Multilayer . .. + 20+ 
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holes; relative cost equals unity =1). i 
2. Double-sided printed wiring, rigid, glass-base, epoxy substrate with drilled and 

plated-through holes; RC = 7. - 

3. Multilayer printed wiring composite, rigid, glass-base, epoxy dielectric substrate 
with drilled holes and plated-through holes that are etched back or chemically cleaned, 
seven layers; RC = 40. ‘ 

‘Table 1.1 puts the various techniques in perspective. It indicates that a multilayer board 
with terminal areas on 0.100-in centers and a minimum line width and electrical spacing 


TABLE 1.1 Comparison of Printed Wiring Terminations and Interconnection Capabilities 


reciskiatl ‘Theoretical 
Adjacent eusity, conductor 
nsity, 
terminal os density, 
areacen- — Minimum line — conductorv/in 
terline width and eke oe 
Type of spacing, electrical spacing, Theo- Prac- Par. Cross-_ Interconnection 
board in in retical tical allel_over _capability* 
Single-sided 0.200" 0.030 5 5 4 #0 100 
0.150" 0.20 5 ei ek 315 
Double- 
sided 0.100" 0.20 10 = 18-10‘ 10 1,000 
0.075" 0.20 im @ 2B 40 2300 
65° 1,700 
Multilayer (7 
layers) 0.1504 0.20 o 6 uw 2,260 
0.100% 0.20 100 50 4,000 
0.075" 0.20 177 88H 9,200 
0.050 eee 400 «200040 40. 32,000 
0,010 for line 


"Interconnection capability (a figure of merit) = terminations/in* x conductors (parallel + crossover) 
in 

"Production capability 

“Crossover capability for 88 terminations/in* 

“Crossover capability for 50 terminations/in® 

*Pilot-production capability 

‘*Development-model capability 

SOURCE: Charles A. Harper (ed.), “Handbook of Electronic Packaging,” p. 1-66. McGraw-Hill 
Book Company, New York 1969. 


of 0.020 in has four times as much interconnection capacity as its double-sided-board 
counterpart. 

In the design of any product, after the technical problems have been resolved, an item 
of concem is the cost. More often than not, potential cost factors change the course of a 
particular project, equipment, or product. Since initial costing is usually estimated, it is 
important that all factors be considered in proper perspective in order to avoid canceling 
‘an approach that in total would have been the most cost-effective. Some of the key 
elements of multilayer board costs are (1) board layout, (2) choice of a specification, (3) 
selection of a base and B-stage material, (4) selection of copper weight, (5) choice of 
multilayer board thickness and overall size, (6) choice of terminal area pad size and hole 
sizes, and (7) provisions for maintenance, testing, and repair. 

Figure 1.3 identifies most of the factors that should be considered when multilayer 
printed wiring (MLPW) costs are estimated and indicates how they influence final 
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pricing. The base costs used in this illustration are for a three-layer board having an area of 
94 in? and with 25 plated-through holes of 0.050-in diameter. Adding layers, increasing 
the number of holes, increasing board area, and/or changing hole size increase costs by 
certain “yee percents. Base costs used in the chart are for quantities of 500 
multilayer boards. 

Percent changes from the base costs are estimated by drawing a horizontal line from 
each factor to the percent line. The total percent can then be applied to the appropriate 
base cost. Ifhole size is other than 0.050 in, an additional percent correction is involved. It 


ADD THESE PERCENTAGES WHEN HOLES ARE 
OTHER THAN O.0S0-IN DIAMETER~' 

1207 120: DIFFERENT HOLE SIZE ADDS ADDITIONAL 

PERCENTAGES 


ip FOR BOARD 
HOLES THICKNESSES 


0,047 IN 
0.040 IN 
0.032 IN 
0.022 IN 
0.0161N 


os EXAMPLE: 
8 6-LAYER BOARD,1/16- IN -THICK, 250 HOLES/ 
a Lo (0032-iN DIAMETER, 48-IN@ AREA 
3 141000 40 (GIN X8IN) 
» 
8 beak ee ae INCREASE OVER BASE COST OF $10.50 EACH 
Sil Kooga ka a FOR 500 PIECES IS: 
. 6-LAYERS 15 % MORE 
st 3 fT ghes 10 250 HOLES 9% MORE 
UG | 4 300; Fy 43 IN? 30% MORE 
st 3h 31 shiasl asl oo O.032INDIAM. = 2% MORE 
Ve 16 3/32 1/8 ~NO AREA PERCENT er - 
OF INI OVER 56% 
HOLES BASE PRICE 
NUMBER oF LAvERS FOR cost ESTIMATED COST: 
INDICATED $10.50 x 156% = $ 16.38 EACH 
(FRACTIONS OFAN INCH) 


Fig. 1.3 Cost comparison chart. 


must be emphasized that these costs are only a guide to the variables in pricing. Other 

ars can easily raise or lower these estimates, and the base costs themse¢lves are 
ely subject to change. Each board fabricator should develop its own version of the 
dl 


TECHNOLOGY DESCRIPTION 


Printed wiring, since its inception during World War II, has been predominantly of the 

rigid type, but a later development of flexible wiring planes necessitated classification as 

rigid printed circuit board or flexible printed wiring. An important subclassification is by 

<a nae of planes, or layers of wiring, which constitute the total wiring assembly or 
Te. 

The printed wiring art has been particularly susceptible to inventions and processes 
that are of almost infinite variety and novelty; but in spite of the apparent diversity, a 
telatively small number of processes are still employed to any extent. In this section the 
most common processes are described. They are classed under the general headings of 
chemical and mechanical methods, but they will be broken down into single-sided, 
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double-sided, and multilayer. Boards of the latter type are at present being produced 
predominantly by chemical processes. 

Generally the first—and currently the most widely used—form of printed wiring, the 
rigid printed board, was early recognized as providing not only a conductive wiring path 
but also support for and protection of the components it connected and a heat sink to aid in 
the thermal management of the total package. The chemical methods used in producing 
rigid printed circuit boards are either (1) subtractive, or etched-foil, or (2) additive, or 
plated-up. The mechanical methods include stamped wiring, metal-sprayed wiring, 
‘embossed wiring, and molded wiring. 


6. Single-Sided Printed Boards ingle-sided” has reference to the fact that there is wiring 
‘on only one side of the insulating substrate, and that arrangement represents a large 
volume of printed boards currently pro- 
F=== 1 duced. Single-sided boards are used for rela- 
FOIL-CLAD FOIL-CLAD tively unsophistacted and simple circuitry, 
INSULATING BASE INSULATING BASE and they are applicable when circuit types 
and speeds do not demand unusual wiring 

electrical characteristics. 
a, Subtractive, or Etched-foil, Type. As illus- 
PRINT-RESIST PRINT-RESIST trated by Fig. 1.4, the etched-foil process 
PATTERN PATTERN begins with a base laminate composed of a 
variety of insulators clad with copper or 
some other pots foil. Following eeu 
cleaning and other preparation, a pattern of 
dl PLATEFINISH the desired circuit configuration is printed 
by using a suitable negative-resist pattern for 
photoresist or ink resist or a positive-resist 
pattern if plating is to be used as an etchant 
REMOVE RESIST REMOVERESIST Tesist. In the case of the latter, gold or solder 
plating is applied to the nonphotoresist 
areas, In the next step, etching, all copper 
not protected by the resist material is 
removed by the etchant. Following etching, 


FABRICATE ETCH the printed board is stripped, or subjected to 
removal of resist, and otherwise cleaned to 
Boe hee a aa ensure that no etchant remains. The board is 
2 then ready to fabricate by drilling, trimming, 

Fig. 1.4 Etched-foil process. ete. 


b. Stamped, or Die-cut, Type. This process 
requires a die which carries an image of the wiring pattern desired on the final product. As 
illustrated in Fig, 1.5, the die may be either photoengraved by using conventional 
photoresist techniques or machine-engraved. In either case, the die is heated; and when it 
forces the adhesive-coated foil into the base material, it effects a bond as well as cuts the 
circuit pattern and embeds it in the base at the conductor edges. Blanking and/or piercing 
of the board may be done at the same time. 


7. Double-Sided Printed Boards When more than one layer of wiring is needed, circuit 
patterns are placed on both sides of a printed board, and the necessity that arises is for a 
means of interconnecting the two wiring layers. The usual connection goes through the 
board rather than around the edge; hence the name “through connection.” In many cases 
the hole through the board serves a dual purpose: it accommodates a component lead and 
provides a location for some method of interconnecting the two sides. The many pro- 
cesses for effecting interconnection between circuit layers may be generalized as includ- 
ing a plating or a mechanical technique. 

a. Plated-through-hole (PTH) Type. There are two variations of the plated-through pro- 
cess; each utilizes a conductor plated through the hole to make the connection. For 
purposes of comparison, the subtractive process shown in Fig. 1.6a is an extension of the 
board fabrication process for single-sided boards described above. The additive process 
shown in b is described below. 

‘The subtractive plated-through-hole (PTH) process starts with a double-clad laminate 
with a series of holes corresponding to the locations where a through connection is 
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needed. The holes are drilled and deburred, and an electroless coating of copper is 
applied over the entire board surface including the holes. Next, copper is electrodepos- 
ited on the exposed copper foil and sensitized walls of the hole, usually to a thickness of 
0.001 in. A negative-, or plating-resist, pattern is then applied and registered to both sides 
of the material. Resist covers all areas of foil where base copper conductor is not required, 
and the surplus conductor will subsequently be etched off. The next plating step is to 


electrodeposit a thin layer of a suitable 
etch-resist plating, usually solder or MACHINE ENGRAVED PHOTOENGRAVED 


gold. The original plating resist, screen 
or photoresist, is removed, and the cir- 
cuit pattern is defined by etching away OE ATED 


the exposed copper in a suitable etch- 


ant. The choice of etchant depends on METAL FOIL. 
the type of plating resist used. a S 
The additive process differs from the 


ADHESIVE 


subtractive process in that no etching is 
required and the circuit pattem is 
defined at the same time the through 
connection is made, Holes are again 
drilled at desired connection points, 
and a thin layer of a suitable adhesive is 
applied as illustrated in Fig. 1.6b. Elec- 
troless deposition of copper sensitizes 
the entire surface and holes and is fol- 
wee iy a “flash” Sean 

After the registered printing of a plating-resist pattern to both sides of 
is electrodeposited to the desired thickness me exposed aaa peg igekcl ad 
unwanted electroless copper is “flash-etched” off; and excess adhesive is taken off with 
appropriate solvents. The last step is the curing of the adhesive by subjection to a heat- 
and-pressure cycle. 

b, Mechanical Through-Hole Types. The nonplating techniques, illustrated in Fig, 1.7, 
preceded through-hole-plating processes for double-sided boards, and they continued in 
exclusive use until the reliability of the latter was proved and the economic import of 


Fig. 1.5 Stamped-wiring process, 
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Fig. 1.6 Plated-through-hole process: (a) subtractive, (b) additive. 
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mass-interconnection techniques was realized. Although not to be construed as an inte- 
gral part of the board fabrication procedure (as represented by the plated-through hole), 
mechanical interconnections—actually board assembly techniques—serve the purpose of 
connecting the two sides of a double-sided board. 

‘A simple and easily made interconnection is represented by the clinched jumper wire 
illustrated in Fig. 1.7a. A formed, uninsulated, solid lead wire is placed through the hole 
and clinched and soldered to the conductor pad on each side of the board. The lead wires 
of parts are not normally considered to be interfacial connections. 

Three types of eyelets also are commonly used for double-sided board interconnection; 
they are shown in Fig. 1.7 to d. Funnel-flanged eyelets are soldered to the terminal areas 
‘on the component side of the board prior to insertion of component leads, The other 
connection is made at assembly when the boards are dip-soldered. The funnel flange, by 
definition, has an included angle between 55 and 120°. Split-funnel-flanged eyelets differ 


EYELET — soupeR 


PART SIDE FOIL 
(ce) 
FOIL 
R c ; 
4 SOLDER coy 
SOLDER EYELET 
(b) 


(a) 


Fig. 1.7 Mechanical interconnections: (a) clinched jumper wire, (b) funnel-flanged eyelet, (c) split 
funnel-flanged eyelet, (d) fused-in-place eyelet. 


only in the split and in the fact that they need not be soldered to the terminal area on the 
part side of the board before insertion of part leads. 


SPECIFICATIONS AND STANDARDS 

Specifications are often written to set forth exact needs or help qualify a product or 
service. They help the contracting agency or buyer monitor or judge the acceptability of 
the material and/or services supplied, and they put the buyer and supplier on common 
ground. For products which are obtained on a continual basis or are grouped in a general 
class, such as printed wiring, specifications and standards which may be supplemented by 
other documentation or written orders have been developed. 

Specifications and guides pertaining to printed wiring may be divided into three 
general categories: those specifying design requirements, those concemed mostly with 
materials and acceptability criteria, and those setting forth the performance requirements 
for printed wiring and associated items. 

‘Although it is not possible to include all of the specifications and standards applicable to 
printed wiring boards, the most common ones are covered briefly in the following 


paragraphs. 


8. Institute of Printed Circuits Since 1957 the IPC has prepared and released many 
specifications and standards which are now widely used throughout the printed wiring 
industry. The initial standard of the IPC, published in 1960, covered the recommended 
standard tolerances for printed circuit boards. That standard (identified as IPC-D-300) has 
been revised on several occasions to reflect the increasing sophistication of the printed 
wiring state of the art. 
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9. Department of Defense Many aspects of printed wiring design, material selection, and 
process control are covered by military specifications and standards. It is important that 
the printed wiring designer have a complete understanding of the military documents that 
directly affect the design of printed wiring structures. He should also be familiar with the 
documents which affect design support activities. 


40. American National Standards Institute Nearly 4000 standards have been approved to 
date by the American National Standards Institute (ANSI), formerly the USA Standards 
Institute. An American National Standard implies a consensus of those substantially 
concemed with its scope and provisions; it is intended as a guide to the manufacturer, 
consumer, and general public, 2 


41. international Electrotechnical Commission The “international” specifications covered 
by this chapter have been prepared by the International Electro-technical Commarea 
(IEC), which is affiliated with the Intemational Organization for Standardization (ISO). A 
foreword explains the intent of these documents: 


‘The informal decisions or agreements of the ILE.C. on technical matters, prepare 
Technical Committees on which all the ‘National Commits Levin eed 
interest therein are represented, . F 

frest therein are represented, express, as nearly as posible, an intemational 


12.Abstracts This section contains abstracts of the major documents that licab! 
the task of peated peiing Sattar: ae intended that an abstract will fete a 

ring designer decide whether to obtait f the late: i 
ee if wh eign in a copy of latest revision of the document 

a. IPC-D-300 (Printed Wiring Board Dimensions and Tolerances, Single and Two Sided 
Rigid Boards). This specification covers dimensioning and tolerancing Timits edad on 
industry capabilities and fabrication costs. It provides five classes for dimensional features 
a pet Progressive increases in sophistication and cost of tooling, material, and 

ssing. 

b. IPC-D-310 (Suggested Guidelines for Artwork Generation and Measurement Tech- 
niques). This document has been written to provide a general reference to aid in the 
making of master pattems required to produce printed circuits. The guide is composed of 
information submitted by members of IPC committees who represent various companies 
ee eet agencies, and it includes techniques suggested in military and commer- 

¢. IPC-D-350 (End Product Description in Numeric Form). This standard describes 
record Laas for the transmission of end-product description data, in digital form on 
“ar cards and magnetic tape, that are necessary and sufficient for the preparation of 
“atetpa and/or the manufacture and testing of printed boards. The record formats may be 

. = the transmittal of information and data between the printed wiring design phase 
= a ee meets the design has been formed by computer-aided 

rocesses and/or when the ufacture of the 
formed by numerically controlled machicess a saremgrrren is his 
The data contained in each record are general in nature, are not in any particular 


pense language, and are in a form usable for manual as well as digital interpretation and 


d. IPC-D-390 (Guidelines for Design Layout and Artwork Generation on Cor iter 
“i pegaee Equipment for Printed Wiring). This guide illustrates accepted teoluitatien 
yep resend peinied vistas prone: senilnend zalectesaaied methods. The purpose 

isto help im; i i 
leks cues a mounmored ‘ign quality and accuracy of the master pattern, and 
©. IPC-A-600 (Acceptability of Printed Wiring Boards). This publication is a compila- 
_ of visual quality acceptability guidelines for printed boards prepared by the epi 
rg idea Acceptability Committees of the Institute of Printed Circuits. The illustrations 
ahs Suide were made to portray certain specific points noted in the title of each. The 
eee bean assembled to standardize the interpretations of specifications on 

. IPC-CM-770 (Guidelines for Printed Circuit Board Com i i 

e iponent Mounting). This 
document has been written to provide a general reference to aid in senting: ones 
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nents to printed boards. The guide is composed of selections from mounting specifications 
submitted by various companies and government agencies and includes techniques 
suggested for spaceflight, military, and commercial applications. 

g. MIL-STD-100 (Engineering Drawing Practices). This military standard prescribes 
procedures and format authorized for the preparation of Form 1 engineering drawings and 
associated lists prepared by or for the departments and agencies of the Department of 
Defense as prescribed by military specification MIL-D-1000. 

h, MIL-STD-275 (Military Standard, Printed Wiring for Electronic Equipment). This 
standard establishes design principles governing the fabrication of rigid single- or double- 
sided printed boards and the mounting of parts (including integrated circuits) and assem- 
blies thereon for use in electronic equipment. The requirements do not apply to parts, 
such as resistors, inductors, capacitors, or transmission lines, fabricated by using the 
techniques. 

i. MIL-STD-429 (Printed Wiring and Printed Circuits Terms and Definitions). This 
standard establishes terms and definitions which have a specific meaning when applied to 
printed wiring and printed circuit nomenclature. 

j. MIL-D-1000 (Drawings, Engineering, and 
Associated Lists). This specification prescribes 
general requirements for the preparation of engi- 
neering drawings and associated lists and for the 
application of intended-use categories to acquisi- 
tion of the drawings. It reflects Department of 

0436 Defense policy to buy only the engineering draw- 
0146 ings that are needed and to encourage procure- 


= fe} ment of commercial drawings when they are ade: 
Re quate for the purpose. “Engineering drawings,” 
LOCATE DATUM HOLE as used in this specification, include associated 

ON INTERSECTION OF lists. 
GRID LINES k. MIL-I-46058 (Insulating Compound, Electri- 
Fig. 1.8 Offgrid hole-mounting cal, for Coating Printed Circuit Assem- 
pattem, blies). This specification covers conformal coat- 


gs which are suitable for application to printed 
circuit assemblies by dipping, brushing, spraying, or vacuum deposition. 

1. MIL-P-55110 (Printed Wiring Boards). This specification covers printed boards con- 
sisting of a conductor pattern on the surface of one or two sides of an insulating base and 
associated interfacial connections and standoff terminals. 

‘m, USASI Y14.5-1966 (Dimensioning and Tolerancing for Engineering Drawings). This 
standard establishes the rules, principles, and methods of dimensioning and tolerancing 
used to specify design requirements on engineering drawings. It also establishes uniform 
practices for stating and interpreting the requirements. 

n, ANSI Y14.15 (Electrical and*Electronics Diagrams). This standard contains defini- 
tions and general information applicable to most of the commonly used electrical and 
electronic diagrams. It also includes detailed recommendations on preferred practices for 
use in the preparation of such diagrams. The recommended practices are intended to 
eliminate divergent electrical and electronics diagram drafting techniques. 

‘0. ANSI Y82,16 (Reference Designations for Electrical and Electronics Parts and Equip- 
ments). This standard covers the information and application of reference designations 
for electrical and electronic parts and equipment. The reference designations are 
intended for uniquely identifying and locating discrete items on diagrams and in a set and 
for correlating items in a set, graphic symbols on diagrams, and items in parts lists, circuit 
descriptions, and instructions. 

p. IEC 97 (Grid System for Printed Circuits). The recommended grid system for 
printed circuits will ensure compatibility between the printed circuits and the parts to be 
mounted on them. 

q. IEC 321 (Guidance for the Design and Use of Components Intended for Mounting on 
Boards with Printed Wiring and Printed Circuits). This document gives guidance to the 
designer, manufacturer, and user of components on matters relating to the specification, 
design, production, supply, and application of components particularly suited for use with 
printed circuits. In its present form, the report is intended to be applied to components 
which are to be soldered to printed circuits. 
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r. IEC 326 (General Requirements and Measuring Methods for Printed Wiring 
Boards), This recommendation relates to printed wiring boards, however manufactured, 
when they are ready for mounting of the components. It is intended as a basis for 
agreement between purchaser and vendor. 


GENERAL DESIGN CONSIDERATIONS 


Probably the most important considerations in the design of electronic equipment are 
reliability, satisfactory performance, and maintainability. Those factors are not inherent in 
printed wiring per se; but by adequate design and proper selection of materials and 
manufacturing techniques, they can be introduced into the system. 


43. Initial Design Development There is no generally approved method for the develo 

ment of a design for a printed board, but the following program sequence is useful. a 

a 1, Start with a careful design of the electrical circuit and prepare a schematic or logic 
ia 


2, Build a breadboard; then analyze the circuit operation by using worst case 
component values or operating conditions. Use qualified components that have been 
tested for reliability. Revise the schematic as necessary. 

3. Fumish the final schematic or logic diagram and component list to the design 
draftsman, 

4, Select the shape and size for the board to accommodate all components and to fit 
the aoe space within the enclosure or the available area. 

. Select appropriate input-output connectors to accommodate all necessary input- 

output signals and be compatible with space and environmental roniisineaae! | ie 

6, Supply specific information on widths of conductors, spacing of conductors and 
terminal areas, most suitable or critical routing of conductors, hole sizes and locations 
type of electrical interconnections, shape and bulk of components, distance between 
components, method of component lead termination, electroplating requirements, etc., to 
the design draftor. Use information from appropriate specifications. Conductors should, 
whenever possible, be restricted to the widths given in Table 1.2, especially when the 


TABLE 1.2 Typical Terminal Area Diameter 
and Maximum Conductor Width Relations 


‘Terminal area Maximum 
diameter, in conductor width, in 


dimensions are governed b} i 

lim a y the numerically controlled drafting machine. (See Width and 

Thickness, Sec. 32, for more details concerning conductor width seloason) a 

i if Locate all holes on a modular grid system. When holes for a component having 
igid terminals cannot fall on the grid intersection, locate at least one hole on a grid 


intersection and dimension other hole locations that are not on a gri section (see 
u s t on s 
“ pa grid inte: ( 


14, Overall Cycle Printed wiring designers must be aware of the total time required 
Bronce printed wiring. Although printed wiring design usually comes at the aa of the 
“segncandbin design schedule, the printed wiring itself is usually required early in the 
{auipment assembly cycle. An inadequate understanding of printed wiring design 
ing, and fabrication times can lead to serious problems. The prime factors which affect 
‘ose times are the type of structure involved, the degree of tooling required, the 
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manufacturing equipment available, and the quantity involved. (Figure 1.9 is an example 
ofa schedule for a small production quantity of a 5 x 6-in printed board containing 45 
dual-in-line devices being produced in a dedicated manufacturing facility.) 


45. Design Checklist The following checklist covers the universal areas of concern in the 
design cycle. Other items should be added for specific applications. 
a, General 
i Has the circuit been analyzed and divided into basic areas for a smooth signal 
low 
2. Does the organization of (1) permit short or isolated critical leads? 
3. Has shielding been effectively used where necessary? 
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Fig. 1.9 Layout and fabrication cycle. ‘Automated techniques can reduce this cycle by 50 percent or 
m 


Has a basic grid pattern been fully utilized? 
. Is the board size optimum? 
Are preferred conductor widths and spacings used wherever possible? 
Are preferred pad and hole sizes used? 
Are the photomaster and schematic compatible? 
. Is jumper use kept to a minimum? Do the jumpers clear components and 
hardware? 
10. Is lettering visible after assembly, and is it of the proper type and size? 
11. Are the larger areas of copper broken up to prevent blistering? 
12. Have tool-locating holes been provided? 


b, Electrical 

1. Have conductor resistance, capacitance, and inductance effects been analyzed— 
and especially the critical voltage drops and grounds? 

2. Are conductor and hardware spacings and shape compatible with insulation 
requirements? 

3. Is insulation resistance controlled and specified where it is critical? 

4, Are polarities adequately identified? 

5. Do conductor spacings split the geometric mean with respect to leakage resis- 
tance, voltage, and noise? 

6. Have the dielectric changes related to surface coating been evaluated? 


OEAR WE 
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c. Physical 
1 ‘Are terminals and control locations compatible with the total assembly? 
2. Will the mounted board meet shock and vibration requirements? 
3, Are specified standard component lead spacings used? 
44. Are unstable or heavy parts adequately retained? 
5. Are hot components properly heat-sinked, cooled, or isolated from the board and 
other heat-sensitive components? 

6, Are potentiometers and other multiterminal components properly oriented? 
7, Are components organized and oriented for ease of assembly and inspection? 
8 Have all possible interferences on board and total assembly been eliminated? 
9. Are mating holes properly dimensioned? 

10, Are tolerances complete and reasonable? 

11. Have the physical characteristics of coatings been controlled and evaluated? 

12, Are the ratios of hole to lead diameters within acceptable limits? 


MECHANICAL DESIGN FACTORS 


‘Atlhough the printed board lends mechanical support to the components, it should not be 
uused as a structural member of the overall equipment. Support should be provided at 
peripheral intervals of at least 5 in at the board edge. An analysis of the board for any 
equipment shock and vibration requirements should reveal whether additional support is 
required, Board warpage should be considered in design of the mechanical mounting 
‘arrangements. When the edge-board type of connector is to be used for the printed board, 
‘a careful design is required to assure that the overall board thickness remains within the 
tolerance capability of the connector, The design of the board-mounting means slides, 
handles, and other mechanical design features should be such that close tolerances are not 
required on the board dimensions. 
Factors that must be considered in the selection and design of a printed board, include: 

1, Configuration of the board—size and form factor(s) 

2, Need for mechanical attachment or connector type 

3, Circuit compatibility with other circuits and environments 

4, Horizontal or vertical board mounting as a consequence of such other factors as 
heat and dust 

5, Environmental factors requiring special attention, such as heat dissipation and 
ventilation, shock and vibration, humidity, salt spray, dust, and radiation 

6, Degree of support 

7. Retention and fastening 

8. Ease of removal 


16. Board Mounting Printed boards should be supported within 1 in of the board edge on 
at least three sides, As a good practice, boards between 0.031 and 0,062 in thick should be 
supported at intervals of at least 4 in and boards thicker than 0.093 in at intervals of at least 
5 in. The practice increases the rigidity of the board and breaks up possible plate 
resonances, 

The choice of a particular board-mounting technique is normally made after considera- 
tion of such design factors as: 

1, Board size and shape 

. Input/output terminations 
. Available equipment space 
Desired accessibility 
‘Type of mounting hardware 
. Heat dissipation required 
. Shielding required 
Type of circuit and its relation to other circuits 


PASKnEYLD 


ug Lan Guiding A major advantage of using plug-in printed wiring assemblies, rather 

b an ‘i ier circuit-packaging techniques, is the suitability of printed boards for use with 

oe uides for ease of maintainability. The exact board guide technique to be used 

“ihe on the shape of the board, the degree of accuracy needed to assure proper mating 
lignment, and the degree of sophistication desired. 
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18. Board Retaining Quite often, shock, vibration, and normal handling requirements 
necessitate that the printed board be retained in the equipment by mechanical devices, 
The selection of a proper board retainer is important, since the retaining devices will 
reduce the amount of board area available for component mounting and interconnection 
and will significantly add to the cost of the electronic equipment. 


19. Board Extracting A number of unique principles have been applied to the solution of 
various problems of printed board extraction, and the consequence has been a constant 
increase in the number of types of extracting tools. Many of these tools use a minimum of 
board space (and thereby maximize the amount of board area for circuitry and component 
mounting) while protecting both the board and the associated input-output connectors 
from damage during extraction. Selection among the many different types of printed 
wiring board extraction tools should take into account the following considerations: 

1. Board area required to be free of circuit components 

2. The extractors’ effect on board-to-board mounting pitch 

3. The need for special provisions in the printed board design, such as mounting 
holes and notches 

4. The size of the extractor, especially if the extractor is to be stored in the equipment 
with which it is used 

5. The need for an extraction device that is permanently attached to the board 
assembly, usually by riveting 

6. The need for special design considerations in the printed board mounting chassis, 
such as load-bearing flanges 
7. The suitability of the extractor to be used with a variety of size, shape, and 
‘kness of printed board assemblies 
8. The cost of using the extractor, both in piece price and added design 
9. The degree of access required inside the equipment to engage and use the 
extraction tool 


thi 


BOARD SIZE AND SHAPE 


The final choice of printed board size and shape will probably be a compromise. Some 
factors will indicate a large board, others a small one. Herewith is a review of some of the 
major factors which affect the selection of board size and shape. 


20. Maximum Size In order to first determine the maximum size of printed board to be 
used, artwork generation size and accuracy, throat clearances on drills, platen sizes on 
presses, and the capacities of etching and plating baths must be checked. Also, any 
equipment used in board assembly must be considered. What is the largest board that can 
be wave-soldered? What sizes are the cleaning tanks? One of these points (if not more 
than one) will place a maximum limit on board size, but none of them will indicate an 
optimum size. 


21. Thickness Printed board thicknesses can vary from 0.020 to 0.250 in, but rigid boards 
predominantly have a thickness of 0.0625 in (“he in). That thickness is common to plug: 
printed wiring. Also, the structure thickness must be sufficient to mount components and 
meet the expected environmental requirements. 


22. Cost of Manufacturing Board manufacturing costs vary with board size, tolerances and 
clearances, finish, quantity, and delivery requirements. Assuming that any size of board 
can be made (i.e., that the its mentioned above have been removed), the first point to 
consider is the material cost. It will vary as the number of boards that can be cut from a 
sheet of raw laminate varies. The costs of drilling and of the chemicals used vary directly 
with the area of the board. 

Small boards would generally be grouped together on one production blank (see Fig. 
1.10), so labor costs can be assumed to follow a step function similar to that for raw 
material. There will be some constant charges to be added, and an allowance for a fall in 
yield with larger boards must be made. 


23. Board Strength Some of the problems in choosing the size of board depend on the 
circuits used; others are mechanical in nature. Since the mechanical problems are usually 
solvable in several ways to fit the best electrical or circuit requirements for the equipment 
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under consideration, they can be considered first. The matching of the length of the board 

to the board connector is obvious, and since the length of the connector will be deter- 

mined by the number of contacts, length can be regarded as an electrical or circuit 

requirement. The amount of force needed to insert or withdraw a board must be kept in 

mind. When connectors which have many contacts are used, the boards can be very 

difficult to move without the use of some form of tool or cam mechanism. The other purely 
mechanical considerations are the strength 
ance to vibration of the board, 
imitations, and the 


generated in use, 

Board strength is unlikely to limit board 
size; bowing, warping, and the effects of 
vibration are far more likely to be restric- 
tive. Large boards can be stiffened with 
supports riveted or bonded in place, or 
spacers can be mounted on the boards to 
assure a minimum of clearance between 
boards. 


24. Partitioning Minimization of the total 
number of interconnections can help in 
determining boards Partitioning 
equipment in different ways can result in 
very different numbers of interconnection 
points being required. A skeleton block 
diagram of the whole equipment is 
needed; it should show all the necessary 
block-to-block connections. It can be exam- 
ined to determine the points at which it can 
be divided so as to break the smallest num- 
ber of connections; then similar diagrams 
of the major logic functions within each 
block can be prepared and split down into 
smaller areas. 

Genenully, as board size is increased, the 

aber of interconnections per board 

increases. The increase is fairly rapid at 
first; then comes a point at which doubling 
the board size very few more inter- Fig. 1.10 Multiple-image board fabrication 
connections; and then a further increase in Panel. 
board size can add considerably more. 


25. Testing Considerations The to test each board and locate and repair 
faults has been cited as a strong argument in favor of the use of very small boards. The 
reason for n « the boards at all is to make a complete equipment or, more probably, an 
equipment plus a set of spares, and the only cost worthy of consideration is that of testing 
the boards for the whole equipment. With any form of automated tester, the handling time 
will be greater than the testing time, so the larger the boards the less the total testing cost. 

Another point on board size which must not be overlooked is that, the larger the boards 
are made, the more money will be tied up while any faulty components found during 
testing are replaced. Also, the more components put on a board the higher the probability 
of a board having to be repaired. 

How much attention should be paid to this point in selecting a board size depends very 
largely on what facilities can be provided for rapid repair of faults found on test. 


26, Fault Location It is desirable to minimize the time necessary to locate any fault and 
replace the board concerned. That clearly indicates the use of the largest board possible 
because, if the whole equipment can be made on one board, the time taken in deciding 
which board to replace will be zero. However, with most equipment the fault diagnosis 
time will not be so simple to determine, and attempts to squeeze too much on each board 

cult. The entire equipment should first 
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be considered and then partitioned in such a way that a faulty block can be found in the 
shortest possible time. 


27. Size Definition With so many factors to be taken into account, board size must 
inevitably be a compromise unless the board must be fitted into a frame already designed. 
In that case, however, the size is not really in question, and only the packing density and 
type of connector to be used need be settled. 


MATERIAL SELECTION 


Printed wiring substrate materials are chosen for their mechanical and electrical charac- 
teristics and, of course, their relative costs to buy and fabricate. A comparison of the 
various substrate material properties will help the printed wiring designer select the 
optimum substrate for the application. 


28. Mechanical Considerations Mechanical properties of substrate materials which often 
have an important bearing on the printed wiring assembly are water absorption, coeffi- 
cient of thermal expansion, thermal rating, flexural strength, impact strength, tensile 
strength, shear strength, and hardness, All these properties affect both the functioning and 
producibility of the structure. 

The dielectric base materials for printed wiring boards are, for most applications, one of 
the following: 

1. Phenolic-resin-impregnated paper 

2. Acrylic-polyester-impregnated random glass mat 
3. Epoxy-impregnated paper 

4 Epoxy-impregnated fiberglass cloth 

Each of the base materials can be flame-retardant or not. The laminates increase in cost 
from the least expensive phenolic or polyester bases through the most expensive epoxy- 
fiberglass bases. There are other differences among these materials as to physical, ther- 
mal, and electrical properties and performance; but for general use as a printed board 
base, all of the materials are adequate. 

Materials 1, 2, and 3, above, are punchable and thus are capable of providing low-cost 
hole formation and permitting other fabrication cost savings when they are used to meet 
large-quantity requirements. However, the materials have limited use with plated- 
through holes in printed boards because their dimensional stability is insufficient for 
high-density designs. The result is excessive expansion in the = axis direction (perpendic- 
ular to the board surface), and that leads to frequent cracking of the plated-through-hole 
barrel when the board is subjected to thermal shocks. 

‘The most popular material for use as printed board with plated-through holes is epoxy- 
fiberglass. Its dimensional stability is adequate for its use with high-density wiring and 
minimizes the incidence of cracks in plated-through holes. Its relatively good dimen- 
sional stability and its availability in a semicured prepreg stage also make it the most 
desirable type of material for rigid multilayer construction also. 

One drawback of epoxy-glass laminate is the difficulty of punching the material in the 
thickness range usually associated with printed boards. For reason of that difficulty, all 
holes are usually drilled and routing operations are used to form the board outline. 

‘The temperature levels that various grades of printed board materials can endure in 
mechanical applications are indicated in Fig. 1.11. They will vary to some extent with 
thickness of the material. 

Although warp and twist in an etched printed board can be attributed to the fabrication 
process or the conductor pattern configuration, they are more frequently induced during 
the manufacturing of copper-clad laminate. The designer can help minimize the effects in 
two ways: First, the direction of conductors should be such that bending stresses released 
in the etched copper foil on one side of the board are opposed by a similar stress pattern 
on the other side. That implies there is also a balance between large conductor areas on 
both sides of the board, when they exist. Second, large conductor areas used as shields 
and grounds should be broken by etched slots. 


29. Electrical Considerations The most important electrical characteristics of the insulating 
substrate in de and low-frequency ac applications are insulation resistance, arc and 
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Fig. 1.11 Temperature levels of NEMA-grade materials. 


tracking resistance, and flashover strength. In high-frequency and microwave applica- 
tions, the important considerations are capacitance, dielectric constant, and dissipation 
factor. In all applications the current-carrying capacity of the printed conductor i 
tant. The electrical characteristics of two commonly used printed board materials are 
shown in Table 1.3. 


TABLE 1.3 Electrical Characteristics of Two Board Materials 
Parameter G10 


Dielectric strength, perpendicular to, 
laminate, typical V/inx 10 
Dielectric strength, parallel to laminate, 
typical, kV/in 
Insulation resistance," MQ 
Surface resistance, MQ . OOLL + 108 
1-1 x 108 
0,013-0.025 
0.015-0.045 
44-52 
45-58 


CONDUCTOR PATTERNS 


The simplest process for forming conductor patterns is to etch the patterns from the foil 

“inated to the printed wiring base. The process requires a minimum number of steps 
and has been widely used in mass production. Foil can be etched on either side or on both 
sides of the laminate, but etching does not provide for interconnections between conduc- 
tor planes except by hole plating or by mechanical means. Similar types of printed wiring 
Pattems can be produced by proprietary additive processes or special types of resist. 
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30. Routing and Location The printed conductor should travel by the shortest path 
between components within the limits of the wiring rules imposed. The latter may restrict 
parallel runs of conductors owing to coupling between them. Good design dictates that 
the minimum number of layers of wiring be used and also that the maximum line width 
and terminal area size be commensurate with the density of packaging required. Since 
rounded comers and smooth fillets avoid possible electrical as well as mechanical 
problems, sharp angles and bends in conductors should be avoided, 

Translation of a circuit schematic to its proper physical realization generates many side 
effects, and crosstalk is one of them. Crosstalk is often a ground plane problem. 
two aspects to the problem: the crosstalk generated in individual boards and crosstalk 
through the system ground. If careful routing of individual sections of each circuit 
provides an exclusive conductor to a single ground at essentially a single point, the 
problem need hardly exist to the point of being harmful. This indicates that a major 
concern in determining internal tit layout will be the grounding circuitry. Accord- 
ingly, it will partially determine physical subsection size and workable unit grouping. 

Conductor routing is the very heart of printed board design, yet many engineers appear 
to feel it is best left to the layout team to struggle with as best they can, Somewhat 
belatedly, a realization of the importance of package placement and routing in getting the 
best possible circuit performance and also the realization that, with more and more 
complex boards, layout takes an excessive time and causes serious bottlenecks in produc- 
tion have led to the use of computer programs for both routing and layout. So far, however, 
its idered system is 
used, A computer could do the job if it were fed with sufficient information, but it would 
take a long time to establish a good layout for a large, complex board and a full routing 
program. It appears that the best solution is computer-aided design (CAD), in which the 
computer gets on with the tedious “donkey work,” and calls for assistance every time it 
meets a problem. A moderately experienced layout draftor will spot several possible ways 
through an apparently blocked board area in the time it would take the computer to try the 
first couple of dozen logical approaches. The operator might suggest moving several lines 
or even changing the package allocation to clear the trouble, whereas the computer might 
give up the problem as insoluble. If the computer lays its interim results on a cathode- 
ray-tube display, the operator can watch the board layout “grow” and can possibly even 
prevent the computer from doing something which might block subsequent runs, 


One great advantage of CAD for routing is that the final output can be in the form of 


control tapes for a coordinate-plotting machine and for a numerically controlled drill. 


31. Conductor Shapes Sharp corners and acute angle bends in conductors should be 
avoided when possible because of the additional stresses imposed on both the conductor 
itself and the adhesive bond and also because of the electrical problems arising from local 
field intensification. Therefore, although more costly from a drafting standpoint, rounded 
corners at conductor bends and smooth fillets at the junction of conductors and terminal 
areas, or lands, are desirable. Such rounded contours will not only minimize conductor 
cracking, foil lifting, and electrical breakdown but also facilitate solder distribution. The 
generally preferred and nonpreferred printed wiring conductor shapes are illustrated in 
Fig, 1.12. 


32. Width and Thickns The width of any conductor is a function of the current carried 
and the maximum allowable heat rise due to resistance. The conductor width should be as 
generous as possible to tolerate the normal amount of undercutting caused by etching and 
the manufacturing process, as well as nicks and scratches in the artwork caused by 
careless handling. The amount of undercutting or line reduction is equal to twice the 
thickness of the conductor. 

‘The current-carrying capacity of etched-copper conductors for rigid boards is given in 
Figs, 1.13 to 1.15. For 1- and 2-0z conductors, allow a nominal 10 percent derating (on a 
current basis) to provide for normal variations in etching methods, copper thickness, and 
thermal differences. Other common derating factors are 15 percent for conformally coated 
boards (for base material under 0,032 in and copper over 3 oz) and 30 percent for dip- 
soldered boards. 
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93. Spacing Minimum conductor spacing must be determined to preclude voltage break- 
down or flashover between adjacent conductors. The spacing is variable and depends on 
several factors: 

1. Peak voltage difference between adjacent conductors 

2. Atmospheric pressure (maximum service altitude) 

3. Use of a coating 

4. Capacitive coupling parameters 
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Fig. 1.12 Conductor shapes. 


ag logician, or circuit designer, may place on board layout certain restrictions which 
aa be heeded. For instance, critical-impedance or high-frequency components are 
ind y placed very close together to reduce critical stage delay. Transformers and 
‘ductive elements should be isolated to prevent coupling, and inductive signal paths 
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should cross at nominally right angles. Components which may produce any electrical 
noise from movement of magnetic fields should be isolated or rigidly mounted to prevent 
excessive vibration. 

Minimum conductor spacings for various voltages and altitudes for both coated and 
uncoated boards are shown in Table 1.4. 


HOLES 
96. Hole Fabrication Tolerance capability for hole formation is dependent upon the way in 
which the holes are made. Although holes may be punched in some rigid materials 
{especially paper-phenolic punching grades) and most flexible materials with a positional 
sceuracy of £0,003 in, the technique is limited to single-sided wiring only. For double- 
sided and multilayer boards, holes are drilled in a variety of ways previously described. 
olerances for various methods of drilling holes are as follows: 


TABLE 1.4 Spacing of Conductors for Various Voltag 
_Uncoated boards over 10,000 ft and coated boards 


Uncoated boards sea level to 10,000 ft Minimum space, in Method Tolerance, in 
Voltage between Voltage between ‘Conformally Drilling by eye . +0.010 
conductors, de or ac Minimum conductors, de or Above 10,000 ft ‘coated, all Jig-board drill plate, « £0,005 
peak, V ac peak, V Drilling with optical aid . 0.005 
Tape-controlled drill, eight spindles £0,003 
0-150 0.095 0-50 0.025 0.010 ‘Tape-controlled drill, one spindle 0.001 
151-300 0.050 51-100 0.060 0.015 
301-500 0.100 101-170 0.125 0.020 
Above 500 0.0002 (in/V) 171-250 0.250 0.030 
251-500 0.500 0.060 
Above 500 0.0001 (in/V) 0.0012 (in/V) 


2 0.160 432.0% 

34. Conductor Pattern Checklist The following checklist pertaining to conductive patterns z= Be 
should be used to help assure that the printed wiring design is of sufficient quality. (An ae TAO 
affirmative answer to each question is desirable.) = 0.120 324.0 Z 
1. Are conductors as short and direct as possible without compromise of function? Bxon 270.0 & 

2. Are conductor width restrictions adhered to? libea 15°C RISE g 

3. Has necessary minimum spacing been maintained between conductors, between B 0.08 " 216.0 8 
conductors and mounting holes, between conductors and terminal areas, ete & 06 Maal 3 162.0 8 
& 


4, Is close paralleling of all conductors, including component leads, avoided? 

5. Are sharp angles, 90° or less, avoided in the conductor pattern? 

6, Have all large conductive areas been properly relieved? 

7. Is the circuit pattern geometrically arranged to avoid solder bridging? 

8. Are component derating practices followed? 

9, Has a worst-case analysis been run on the design? 

10. Has proper spacing been maintained between conductive pattems and terminal 
areas and component and board mounting holes? 


‘S°C RISE 108.0 


CURRENT, A 
Fig. 1.14 Temperature rise vs. current for 2-02 copper. 
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Fig. 1.13 Temperature rise vs. current for 1-oz copper. 
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Fig. 1.15 ‘Temperature rise vs. current for 3-0z copper. 
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Hole size for single-sided planes should be large enough for accommodation of the 
stitch, wire, or component lead which is to be inserted. For plated holes, a good soldering 
relation results when the hole is 0.006 in larger than the lead it is to accept. For plated- 
through holes, where no lead sed, there is no such restriction, but another limitation 
exists. At the present time, practical manufacturing techniques can produce reliable 
plated-through holes with diameters down to one-fourth of the overall board thickness. 


36. Through-Hole Connections There are several methods of making through-hole connec- 
tions, including the fused-in-place flat-flanged eyelet, the funnel-flanged eyelet, the = 
wire, and the plated-through-hole connection. 

Standoff terminals are not generally recommended as a means of providing a through 
connection because of problems encountered with hairline cracks and the cold solder 
joints that are due to the multiple soldering steps involved. 

Of the types of through connections cited, the plated-through hole has much to 
recommend it from a design standpoint. Terminal areas smaller than those required with 
eyelets can frequently be used, and all through connections can be made simultane- 
ously—a major advantage when large numbers of such connections are needed. The 
method is applicable to most types of insulating substrates; hole size control is not critical; 
and the connection behaves well under shock and vibration. On the debit side, the 
connection is less strong than an eyelet, is not as repairable, and must be very carefully 
inspected to be sure that it has been properly made. 

The funnel-flanged eyelet also offers a number of design advantages that include easy 
component installation and ease of inspection, since the solder fillet is open to view. Its 
disadvantages include the need for greater vertical board clearance, the need for high 
insertion pressure, and the small amount of direct conductor contact present, (There is a 
greater dependence on the solder for the electrical contact to the terminal area.) 

The fused-in-place flat-flanged eyelet offers the advantages of insertion and fusing in 
one step under closely controllable conditions. There is less chance of intermittent open 
circuits through use of the annealed copper eyelet, and there is greater direct contact with 
the terminal area. As with the funnel-flanged eyelet, the possibility of chemical contami- 
nation is absent, Drawbacks include the need for larger terminal areas, properly pretinned 
eyelets free of oxides, proper tin or solder coating thickness on the board, and mainte- 
nance of the electrodes and other fusing variables. 


ELECTRICAL DESIGN FACTORS 


This section concems a few of the important electrical circuit factors that must be 
accounted for in proper printed board design. The information provided here is by no 
means all-inclusive. Also, the values and equations given should be used only as guides 
for estimating approximate values of a given characteristic. All electrical parameters of a 
board are highly interdependent, and empirically measured values will, therefore, rarely 
coincide exactly with calculated values, That is especially true of high-frequency regions, 
where it is impossible to make a complete analytic prediction of board characteristics. It 
should also be pointed out that data given in this section are simplified for purposes of 
compactness and that y contributing factors have been eliminated. 


37. Resistance Current-carrying capacity of conductors is not usually a problem, but the 
ohmic resistance may be a problem when conductive paths are unusually long or voltage 
regulation is critical. An approximate calculation of conductor tance and temperature 
rise can be made from Fig. 1.16. The resistance and temperature rise may also be 
calculated from the expression 


R = 0,000227W 
where R is the resistance per linear inch, in ohms, and W is the width of the line, in 
inches, based on 99.5 percent minimum-purity copper 0.0027 in thick (or 2-0z. copper). 


38, Capacitance Capacitance may be of considerable importance, especially at high 
frequencies. The distributed capacitance between conductors located one above another 
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must be accounted for when high-frequency circuits are involved; itis of the order of 1 pF/ 
ft. The basic capacitance equation serves as a useful, if approximate, guide: 


conductor width (10 in) x dielectric constant 
dielectric separation (10 in) x 4.45 


Capacitance (pF/in) = 


When conductor width is at least 10 times greater than the dielectric separation, the 
‘equation is generally in close agreement with empirical values obtained but may be on 
the low side. The capacitance coupling between conductors can be minimized by limiting 
the lengths of conductors running in the same vertical plane. Capacitance between 
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Fig. 1.16 Conductor width, Copper conductor resistance voltage drop and temperature rise conver- 
sion chart, rectangular printed wiring vs. round wire, IACS resistance is 067879 u.Vin’ and 0,67879/ 
0,00135 ~ 503 wSVin' (1 07). 


ucdjacent conduetors is a function of conductor width, thickness, and spacing, as well 
board material itself, It can be calculated from the expression 

2 

© = 0.315 + 0.23(1 + k) log 10(1 + 2b +2b + #) 


a 


where k = material dielectric constant 
a = conductor thickness, in 
b = width of conductors, in 
distance between conducto 


d 


Special attention must be given to circuits located over a shield or ground plane, since the 
entire length of the conductor is capacitance-coupled to the plane and consequently to 
Similar conductors of similar relations. 

Ithas been shown that, for critical high-frequency circuitry, the electrical characteristics 
of single-sided circuits made of Ye-in epoxy-glass or -paper are not adequate and 
‘ated ground-plane micro-strip-line construction is a must. The electrical characteris- 
tics can also be used as a process control; they give a good indication of process variables. 


39. Characteristic mpedance ‘The characteristic impedance of parallel conductors is deter- 
mined as follows: 
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where Z = says impedance, the apparent impedance of an infinitely long line, 
ohms 
R = resistance per unit length of line, ohms 


L = inductance per unit length of line, henrys 
G = conductance per unit length of line, mnos 
C = capacitance per unit length of line, farads 

‘The method of achieving transmission-line capability with double-sided printed wiring 
is called “microstrip”; see Fig. 1.17. A specific formula for microstrip is the following: 


h 377 


where h and W are given in the diagram and e, is the effective dielectric constant of the 
material (considering the effect of air), This analytical method disregards fringing effects 
and leakage flux and gives validity to the notion that more reliable values may be obtained 
by measurement. To account for the fringing effects of microstrip transmission line, and if 
the analytical method must be used, the following formula is recommended: 


‘33 377 
W Vedl + (Qh/aW)[1 + In (rW/h)I} 


Typical values of the impedance of microstrip on epoxy-glass material when the conduc- 
tor is exposed to air are given in Fig. 1.18. 


Zo 


ENVIRONMENTAL FACTORS 


Printed wiring may normally be expected to exhibit the same properties as the base 
materials, i.e, laminate and cladding, from which it is constructed. Environmental 
requirements, therefore, relate back to those elements, An exception is the case of 
monolithic assemblies of printed boards, which are, by nature of the lamination and 
interconnection procedure, additionally affected by the environment. 
In addition to serving as an electrical connection medium, printed wiring planes 
provide mechanical support for the active or passive components they are interconnect 
ing. In that way they become an integral part of the 
package, or assembly, and must therefore be able to 


w 
withstand the environmental stresses associated with 


40. Shock and Vibration Vibration, flexing, and bowing 
COPPER can become a problem on larger boards. When the 
board is normally mounted, the board connector will 


[1 DIELECTRIC keep one edge of it held firmly, and the two sides will 
Fig. 1.17 Microstrip transmis- be supported to some extent by the board guides. That 
sion line. will leave only one edge free to bow either because of 


stresses from manufacturing or under the influence of 
vibration. A handle along the free edge will help to eliminate those effects and will leave 
the center of the board as the area most likely to be affected. The problems of minimizing 
the effects of vibration and warping are exactly the same as those met in any other form of 
engineering, and similar solutions can be used. A stiffening web, which can be a piece of 
metal angle, a plastic extrusion, a “top hat” section, or a solid bar, can be fitted across the 
middle of a large board. Alternatively, smaller pieces of suitable material can be riveted or 
bonded to the board to change the major resonant frequency. 

One of the greatest dangers of bowing or vibration is that components with electrically 
live cases will be brought into contact with the soldered joints on the back of the next 
board. Stiffening or the application of damping strips may not be enough to prevent 
natural warpings of a large board from introducing a dangerous bow. If there is any risk of 
bowing, the board can be fitted with spacers higher than any of the packages on it—as 
many as may be req) ing fi ble places. The curves of Figs. 1.19 to 1.21 
are a guide to the number of support intervals and level of complexity required for 
different applications. 

Figure 1.19 illustrates the relation between the resonant frequency and length of a 
beam. The curve is for a beam of modulus 1.8 x 10° psi, thickness 0.62 in, and 0.016 psi. 


Design and Layout 1-29 


For example, a cantilever 1 in long would have a resonant frequency of about 260 Hz, 
and @ cantilever 3 in long would have a resonant frequency of about 65 Hz. The 
illustration also shows the resonant frequency of a beam fixed at both ends to be about 6% 
times the resonant frequency when the beam is used as a cantilever. 

Figure 1.20 shows that the resonant frequency of a beam may vary over a range of 3:1 
depending on the choice of common materials. The illustration also shows that the same 
beam fixed at both ends has a resonant frequency about 6" times higher than when used 
as a cantilever. The curve is for the instance in which the length is 1.8 in, thickness is fi 
in, 0.016 psi. If the board is made from phenolic XXXP, the resonant frequency will be 
about 100 Hz; if from G-10 epoxy, it will be about 240 Hz; and if from nonwoven 
continuous glass-filament-base epoxy, it will be on up to about 300 Hz. 
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Fig. 1.18 Characteristic impedance vs. line widths and dielectric thickness: G-10 epoxy-glass dielec- 
tric-microstrip transmission line, Conductors are 2-oz copper. Measurements made at room tempeni- 
ture (26°C) and room humidity. Board material dielectric constant relatively stable with frequency, 
varying from about 6 at 1 kHz to about 5 at 25 MHz. 


Figure 1.21 illustrates the relation between the resonant frequency and the amounts of 
Sag or deflection under the influence of gravity. For example, if the sag is 0.01 in, the 
fesonant frequency will be about 31 Hz. The derivation is simple and is included for those 
who may be interested. First, the formula for resonant frequency is 


where K is the spring constant and M is the mass, From Newton's laws, F = Ma, where a 
is the acceleration. In this case, a = g, the gravitational constant. The relation of the 
weight to the mass is W — Mg. The relation between the force applied to the spring and 
the deflection of the spring is F = Kx, where x is the deflection. In our case the force is 
equal to the weight. 
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Fig. 1.19 Relation between resonant frequency and length of a beam, f- = ea 
nL? V 30 

E=18x 10" psi, modulus of elasticity; h = 0,062, thickness; w = 0,016 psi, weighVin'; L = length; fy 
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Fig. 1.20 Resonant frequency as a function of E. Thickness = the in; length = 18 in; 0.016 psi. I = 
second moment of area; E = modulus of elasticity; f, = resonant frequency. 
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Substituting for K/M in the formula for resonance gives us the result: 
ew 
M Wx 


1/6 
f Qn Vsag 
When a typical flat-card circuit board is mounted, the method most generally employed 
is either the cantilever or clamp-clamp method, 


‘The level of stress to which the board and its components will be subjected is in 
principle completely determined by the forces and moments imposed on the surfaces and 
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Fig, 1.21 Relation of sag to resonant frequency. K = spring constant; G = 386 in/s; m = mass. 


by total forces such as those induced by gravity or centrifugal effects. It is vital to know the 
stess levels for given loads and their effects on the boards and components in terms of 
strains, deformations, deflections, and displacements. The included graphs will assist in 
assuring that the stress levels are within allowable limits. Safety factors should be chosen 
with respect to application and proved by subsequent laboratory and field tests. 

In the selection of components to be mounted on a printed board, consideration should 
bo given to the resonant frequency of the board and comparison should then be made with 
the chart of Fig, 1.22. The acceleration level will then be established for consideration of 
the amplitude of vibration at the point where the component will be mounted. That 
energy level should then be referred to the component specifications. 

For example, by reference to the dashed line of Fig. 1.22, if component is vibrating at 
0.75 in (total amplitude) at a frequency of 5 Hz, the vector velocity is found to be 1 1.7 in/s 
and the acceleration vector 0.95 g's or 30 f/s*. 


41. Thermal In facing the problem of heat removal, the printed wiring designer should 
take advantage of the available conductive cooling, employ high-temperature components 
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where possible, and ensure thermal isolation of temperature-sensitive components from 
-heat-emitti 


sources. 
All three see) ‘modes of heat transfer—conduction, convection, and radiation—find 
use in cooling electronic % 
‘a. Conduction. Enhancement of heat transfer by conduction may be brought about by 
the use of (1) materials with high thermal conductivities, (2) direct paths to large heat 
sinks, and (3) good thermal bonding or coupling between parts involved in the conduction 


Path use of direct large-cross-sectional paths to heat sinks is particularly important in 
conductive cooling. The shorter the path to the heat sink and the fewer the number of 
thermal bonds or joints present the better. The printed conductor itself must be consid- 
‘ered in the thermal path and should be as large as possible to help effect heat transfer. The 
‘contacting surfaces should be large and not subject to oxidation, 

b. Convection. Convective cooling can be enhanced by (1) increasing the velocity of the 
mobile substance over the surfaces to be cooled, (2) increasing the surface area available 
for heat transfer, and (3) replacing laminar flow with turbulent flow, which increases the 
jieat-transfer coefficient and ensures good scrubbing or wiping action around the parts to 
be cooled. 

‘¢ Radiation. Radiative heat transfer can be enhanced by (1) using materials with high 
emissivity and absorptivity, (2) raising the temperature of the radiating body and/or 
lowering the temperature of the absorbing body, and (3) arranging the geometry to 
minimize back reflection to the radiating body itself. 

Power transistors and high-wattage resistors are among the components which must be 
given special consideration to eliminate local hot spots that can damage adjacent compo- 
nents or the board itself. In general, hot components should be mounted close to the 
frame, which serves as the heat sink, in order to shorten the thermal path, Temperature- 
sensitive components should be kept as far away as possible from those high-temperature 
‘areas. Heat-resistant components should be placed in the hottest part of the package— 
either in the center or closest to the hot components. 

Some typical component-mounting arrangements for controlling heat transfer on 
printed boards are shown in Fig. 1.23. In estimating the heat dissipation in an electronic 
package, one must analyze the circuit to obtain the maximum power dissipation for each 
component and then determine the maximum operating surface temperature to be 
expected. With that information known, the design must then be arranged, by using the 
techniques already discussed, to maintain the components below their maximum operat- 
ing temperature under the worst conditions. 

The maximum temperature allowable in the package must be considered in light of the 
associated insulation present as well as the components themselves. 

Some idea of the amount of heat that can be effectively removed from a sealed unit and 
from an extemal surface by various types of cooling is given in Table 1.5 for sealed units 
and extemal surfaces. 


42. Protective Coating It is desirable, and often mandatory, to provide protection for 
printed wiring assemblies against dust, dirt, contamination, humidity, salt spray, and 


TABLE 1.5 Effective Heat Dissipation as a Function of 
Type of Cooling 


‘Type of cooling 
Sealed unit 
Free convection, air 0.15 
Metallic conduction 2-5 
Forced convection, air To7 
Direct liquid cooling To 10 
‘Vaporization cooling To 20 


Extemal surface, based on a 40°C temperature rise 
» 0.25-0.50 


Direct liquid cooling 
‘Vaporization cooling 


fi 
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mechanical abuse environments. There are many insulating (conformal coating) cor 
pounds that can be applied; predominant among them are epoxies, polyurethanes, 
cones, acrylics, polystyrenes, and varnishes, Those compounds are similar to encapsulat- 
ing materials of the same chemical type, but frequently they are used in solution form. 
The number of variations and combinations of the materials is very large. For very thin 
conformal coatings (0.0006 in thick and less) vacuum-deposited paraxylylene is often 
used. The most widely used coatings for military applications are in aecordance with 
MIL-1-46058, 


PRINTED BOARD 
PROTECTED FROM TUBE 
RADIATION BY METAL BARRIER 


COMPONENTS PLACED TO 


EXPOSE MINIMUM AREA TO 0.001~0,002 IN TRANSISTOR 
RADIATING SOURCE MICA WASHER 
USEDIF 
TRANSISTOR 
CASE MUST 
BE ISOLATED 


MAY BE USED TO GIVE ADDITIONAL 
HEAT DISSIPATION 


Fig. 1.23 Component-mounting amimgements for facilitating heat transfer in printed board 
assemblies, 


Some of the more important technical considerations involved in selecting a printed 
wiring assembly coating are: 
1. Its ability to prevent the occurrence and migration of circuit, component, and 
current-carrying corrosion products 
2. The protection it affords to the printed wiring insulation 
3. The effect of humidity and temperature on insulation resistance 
4. The effect of its thickness and the temperature and humidity on important 
electrical properties such as ipation factor, dielectric constant, and Q 
5. Its flexibility 
6. Its resistance to cracking during thermal shock 
7. Ease of its application and processing 
8. Its ability to be modified in order to control its thickness 
9. Its optical clarity to allow for the viewing of board and component markings 
10. The ease by which it is removed prior to repairing the printed wiring assembly 
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\YOUT 
ae printed wiring layout is defined as being a sketch that depicts the printed wiring 
substrate, the physical size and location of all electronic and mechanical components, and 
the routing of conductors that serve to interconnect the electronic parts. The layout is 
usually prepared in sufficient detail to permit the generation of documentation and 
work, 
athe engineer should furnish the draftor a well-drawn schematic with as few 
and loops as possible. He should bring to light the areas of coupling incompati 
those where short circuit paths and isolation of one circuit from another are required, 
The position and quantity of the off-board connections to be used to interface with th 
interconnection system wiring play a very important part in determining where the 
inputs, outputs, and grounds will be. The board contacts will greatly affect the total order 
of the final layout. They should be designated alphabetically on the schematic to help 
guarantee that they will be clearly understood and any necessary fixed contact assign- 
ments should be noted, Shields and grounds also must be clearly defined for the layout 
personnel, especially if they are used for reducing undesired noise or interference from 
couplings. 


43. Layout Procedure Layouts are usually preferred to be as viewed from the component 
side. Two-sided designs may be represented on a single sheet by a coding system or by 
another sheet representing the individual sides of the design. The latter method can cause 
errors and is not the one preferred. Multilayer conductor layouts also are laid out 
singularly in this manner, as are gound and voltage planes. 

Ifa standard component matrix can be achieved, the preprinted layout format can be 
made in advance, That is true of the voltage and ground layers as well when those layers 
are required for the design. 

Proper fabrication indexing hole locations are necessary for each layout; two or three 
indexing holes are desirable. It is preferred that the holes be located in the x and/or y 
datum plane. 

@ Input Data, The normal input data for manual layout design is a rough logic symbol 
schematic. That is a document depicting the electronic circuit in symbolic form by 
utilizing both discrete and logic formats. 

chematie circuit flow is indicated going from left to right on the diagram. Terminals, 
components, and connector contacts are labeled, as are all input-output terminal designa- 
tions, Associated with the data input is a list of components and specified critical circuit 
design holes. 

The critical circuit design rules encompass such electrical areas as capacitance cou- 
pling, feedback, current, and clock signal grouping. They are the circuit design engineer's 
responsibility and should be clearly defined in his circuit design rules before the layout 
designer prepares the design layout. 

An alternative input may be a line diagram combined with proposition and logie li rings 
associated with the electrical circuitry design. 

+, Development. ‘The sequence of events in the development of a printed board design 
layout may vary, but the following are the general steps to be taken in the layout 
development after the input data have been received. 

1, An initial evaluation is made of the schematic input, parts list, and special circuit 
tules. It includes comparison of the data with the physical limits of the board. Physical 
limitation is concerned with the specific usable board area available. 

2, Components are reviewed as to their circuit relation, the necessity of implement- 
ing short conductor interconnections, heat sinks, ground and voltage connections, and 
Special conductor width requirement 
ie Signal input and output connector interconnections are then reviewed to assimi- 

te the logic flow organization as it is related to the individual design interface. 

4. Specific company standards concerning automatic component insertion require- 
Mments, component matrix location parameters, mechanical hardware, and connector usage 
are then considered as they have impact on the design. 

Since most of the above process is mental, the actual “hands on” procedure for the 
manual design layout continues to be carried out by the designer. 
th An underlay of printed-grid polyester base material, utilized as the background for 

design layout, is attached to the designer's working surface. 
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6. Standard board sizes permit the use ofa preprinted polyester base material (Mylar, 
Cronaflex) of the master printed board configuration. All specific rules and/or standards 
become a part of the master outline. 

‘¢. Methodology. It is very convenient initially to make a layout by using templates 
(paper dolls) of the components and/or the components themselves and making repeated 
freehand point-to-point wiring diagrams until the interrelations of all components and 
wiring are compatible with good design practice with respect to mutual coupling and 
inductive and capacitive effects. The process, with quick rearrangements of components 
and conductors between steps, will evolve more and more refined designs. It is recom- 
mended that at least three of the steps be taken quickly, and three or more additional steps 
of refinement are perhaps worthwhile for the most complicated layout. Each should be 
considered to be only a stepping-stone to the next one and not in any way a complete 
entity. 

Electrical parameters of the printed wiring must be literally designed into the more 
critical circuits, In particular, the resistivity and dielectric properties of the insulating base 
require consideration for the higher frequencies and higher-impedance circuits, espe- 
cially when stability in environmental extremes is an important design criterion. 

Whenever possible, the component layout should permit automatic assembly unless a 
short production run is anticipated. Similar units should be placed together in rows or 
groups—bearing in mind the spacing requirements arising from the manufacturer's 
recommendations, use of modular grid locations, heat dissipation, electrical coupling, and 
repair considerations. The component placement should, if possible, allow the electrical 
values and code numbers to be read easily from one direction, and preference should be 
given to the electrical values. That will not generally be feasible in the case of automatic 
assembly. Components should be mounted on only one side of the board and be so spaced 
and located that each component can be removed without removing any other part, 
unless, of course, the package is to be expendable. 

Heavy components should be located over or near supported areas and heat-emitting 
components near the board sides or heat sink areas. More is said about this in connection 
with designing for thermal shock and vibration stresses. 

‘The insulator bodies of tube sockets, connectors, and similar parts subjected to insertion 
and withdrawal forces must be rigidly anchored without relying on the soldered connec- 
tions for mechanical support. If tube sockets are not used on subminature tubes and the 
flexible tube leads are soldered directly to the printed wiring, the tube envelope must be 
rigidly supported. 

‘d. Orientations. Assembly and inspection of boards are much easier if all packages are 
mounted in the same way. Cases do arise when it appears that to reverse the orientation 
on alternate rows of packages will simplify the interconnections or the power distribution, 
but in most cases a number of minor snags crop up later in the interconnections and the 
final gain on the finished board is negligible. If package orientation is standard, automatic 
or semiautomatic placing and reflow soldering of flat packs, or insertion of dual in-line 
packages (DIPS), is possible without having to reverse the board or reset the machine as 
would be necessary if alternate rows of packages were inverted. Also, fault finding on 
large boards is easier if the orientation is standard. The operator knows, without checking, 
which is pin 1, which pin is ground, and which is power. Finally, mistakes in routing are 
far more likely if there are any inversions in orientation. 

¢. Grid Systems, All component hole locations, mounting holes, and even the outside 
board configuration should be laid out on a modular grid system. The basic modular units 
of location are based on a 0.100-, 0.050-, or 0.025-in system applied along both the x and y 
‘axes. Unless dictated by a particular fixed design parameter, there are few acceptable 
reasons for a distance between mounting holes or the board length or width to have a 
dimension of, say, 2.093 in when 2.100 in would suffice or 4.120 in stead of 4.125 in. 

janipulation of tolerances can normally adjust any dimension to the nearest 0.025 in and 
satisfy the grid requirements. Should a high production run be anticipated, numerically 
controlled program drilling of printed boards can now become a reality based on the 
0,025-in rectangular coordinate system. 

‘f, Conductor Routing. The same principles that make a good layout for point-to-point 
conventional wiring apply to printed wiring. For instance, to guard against undesirable 
feedback requires either adequate separation or shielding between input and output. 
‘Though the principles are the same, however, the dimensions are different. There is 
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virtually only one plane, and it requires more intercircuit planning because normal 
hookup wire is insulated and may be routed on intersecting paths without concern for 
contact. Printed circuits, on the other hand, establish a connection at each junction. To 
overcome that disadvantage, the routing of each conductor must be thoughtfully planned. 
‘As described above, that sometimes means some leads may be longer than desired, but 
vith extra thought a jumper or crossover can be used to great advantage. z 
Conductor routes should best utilize the space available. That, as an example, is where 
the problem illustrated in Fig. 1.24 exists. It should be noted that the route picked takes 
precisely the geometric mean with respect to such hazards as 
1. Insulation resistance (leakage) 
2, High voltage 
3. High poe pat 
4. Undesirable feedback or coupling due to electrostatic or e! ic couplii 
5. Signal losses due to capacitance effects SSE Eee Sad a 
If all things are considered equal, the conductor route should split the difference at 
every tum and have equal spacing over parallel runs as shown in Fig. 1.25. 
oer aon i tion. Almost all printed circuits require the use of nomenclature 
on the boards to identify components, circuits, test poin ard itself. 
nomenclature may be applied after the board ee Ee 
is etched, or it may be etched along with the GROUND 
cireuit. If it is applied later, it is usually © 
screen process printed or stamped, In either o=]) 


ease, the marking material must be carefully 
chosen for its electrical and chemical proper- 
ties, For that reason and for reason of the 
exta processing steps involved, designers 
usually include nomenclature in their art- 
work and etch it along with the circuit. 


Although such nomenclature is conductive, 
it does not normally present a problem. The 
nomenclature should be as small as it can be 
to survive etching and still be legible, Thick- SE 
ness of the copper and the location of the sO 
nomenclature relative to conductors will o= 
determine how much deterioration the QQ= 
nomenclature will receive during etching. 
Very small nomenclature should not be ygjy 
located in open areas when 2- or 3-0z coppe Sp 

rein hen 2-or 3-02 copper <AOvSt sy 

© facilitate testing and servicing a 
s printed 

board assembly—and to link the assembly bathed 
visual aid to documentation—component Fig. 1.24 Conductor routes utilize space 
reference designation marking should he  *ailability. 
ee. In addition to reference designators, polarities of capacitors and diodes 

hould be indicated as close to their component mounting holes as possible, Reference 
Pe fe. See ee should be completely visible with the components in place. On 

dual in-line integrated circuit, pin 1 should always be indicated, as s e the tab 
86,8. 10. or 12lead TO-5Aype intexrated circuit Je Nesoena aire 2 
ited boards should carry two inct identifications. Si th ic it 

a ‘ s . Since the fabricator machines 
pa plates the printed board before the electrical components are installed, he needs 
jocuimentation and a method of identifying the board. The identification is the printed 
pay ibrication drawing number (master drawing). The printed board assembly number 
ag rs located on the component side where assembly of electrical components takes 
Pres fom which orders for replacement of spare parts are made, and where servieing 
wuaigeati fs normally done. The number should always be preceded by “ASSY NO.” In 
Derm the Serial numberof the assembly is necessary for tracing pumposes. If space 

= a ‘play your com] sa i pplie 

ot sPlay your company Togo on the board. All those features are easily applied by 


Summary, When printed wiri i it esi it i 
oncepts sheald be eee ee assemblies are being designed, the following basic 


NONCRITICAL 
Ac 
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1. Specific contractual requirements. 

2. Selection of standard parts, materials, and processes according to MIL-STD or 
commercial standards, in that order of preference. 
. Design that will accommodate the use of standard tools. 
. Safety factors for the equipment. 
. Accessibility of parts. 
Minimum need for adjustment in operating the equipment. 
. Provision for simple maintenance. 
. Selection of parts resistant to damage by the heat of soldering. Parts to be mounted 
must not only meet the storage and operating conditions specified for the equipment but 
also maintain their integrity after having been subjected (during assembly) to heat 
soldering. 

Proper mounting design should fulfill the following basic requirements for mounting 

parts. 


PADIS 


. Ease of maintenance 

. Fasteners easily removable 

. Minimum loose hardware 

|. Adequate clearance between printed conductor and mounting brackets 
. Board supported at proper interval 

. Positive board retention 


Oe OwE 


44. Automated Techniques The application of automated techniques to printed wiring 
design has become more prevalent. A relatively complete automated system for printed 
wiring design includes the following set of 

functions: logic assignment (component, gate, 

° and pin allocation), logic partitioning (group- 

ing logic functions by physical board), compo- 
nent placement, conductor routing (intercon 
nection layout), design checking, and artwork 
generation. The desirable final step is the gen- 


° © eration of control tapes for numerically con- 
Fig. 1.25 Parallel-run conductor configum- trolled production equipment. Building the 
tion. system requires a hierarchy of optimization 


steps, with intermediate design data being 
passed to successive higher levels ofassembly. 

When fully implemented, an automated design system will replace nearly all of the 
manual operations typically required, Key among the manual operations eliminated are 
component placement, interconnection layout design, and taping and/or digitizing from a 
rough layout of the board. A number of the widely used board design conventions or 
exist simply because they are convenient to a manual design environment 
and because they impose no restrictions on the human designer. By way of example, the 
0,0625-in pad that is in common use provides no particular benefit and seems to derive 
solely from the 0.250-in “round number” at 4:1 tape-up scale. Another example is the 
frequent “odd number” 0.156-in spacing of connector pads or fingers. Although these and 
other conventions may represent acceptable or convenient practice for manual design, 
they are often awkward or limiting in an automated design environment. A comprehen- 
sive CAD system will optimize the pad (terminal area) size to complement the complete 
system, 

a. Grid Pattern, One of the more fundamental considerations in an automated design 
environment is the use of a grid pattem to define the relative positions of component pins, 
obstacles, connectors, conductors, etc., on the board. Typical grid sizes are 0.100 in, 0.050 
in, and 0.025 in, where the value defines the dimension from grid line to grid line. The 
physical dimensions of integrated circuit components generally support the latter two 
sizes, although it is important to note that the components influence rather than control 
the grid size used. 

The minimum practical grid size is typically determined by the desired width of 
printed circuit conductors and of the air gap clearance between conductors. For example, 
2.0.020-in conductor and a 0.030-in conductor clearance will result in a 0.050-in grid size. 
A 0.012-in conductor and a 0.013-in clearance requirement will support a 0,025-in grid 
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size. Selection of the grid size to be used is influenced by interconnection complexity, pa 
Ses, and conductor-pad clearances. is pepe ies: 

Itis significant that the use of automated design techniques will often permit the use of 

a smaller grid size than nonautomated practices will permit. That results from the high 

sion with which the finished artwork can be produced and the hole drilling process 
controlled; each provides improved response to manufacturing tolerance requirements. 
‘Accordingly, organizations using automated design facilities for the first time should 
‘carefully inspect the basis for existing spacing practices. If an approximate 0.100-in grid 
Size is in use for manual work, a 0.050-in size should be strongly considered. If an 
approximate 0.050-in grid size is in use, a 0.025-in grid size should be considered for the 
most complex designs. 

‘}. Component Density. Perhaps the single most difficult parameter to generalize upon is 
the component density (number of components per square inch of board area) that can be 
supported by automated design techniques, The reason is simple enough: component 
density is a dependent parameter affected in some degree by all the other factors under 
review. 

Because there are so many variables which bear on component densit - 
Ri eerclecctes a sone ce qulitag aesarls Ver ccna content cca 
values of component density are respectively 1.2 and 1.8 for dual in-line and flat packs in 
two-sided boards and 3.0 and 4.0 for multilayers. The values are stated for a component 
count of about twenty-five integrated circuits (two-sided board values) and a grid size of 
isd ie rgiaareed Sept eo Sewn soceatons are present (some already reviewed, 

vers to review r), the values are er sensiti 17 is 
ee bo sared oer r sensitive to board size and proportions, 

Board size and proportions can be expected to have a direct effect on conductor 
density—the concentration of conductors in certain portions of the board, which in turn 
aflects component density, The concentration of conductors in the center of a board 
usually increases as the board size increases. Regarding board proportions, a 5 x 6-in 
hoard will support a higher component density than a 3 x 10-in board owing to an 
improved balance of conductor channels for side-to-side communication. 

Grid size has a direct bearing on the gross number of points available for conductor 
routing. A smaller grid size will therefore support a higher component density with its 
increased pin count. Although a 0.025-in grid size provides four times the number of 
points as a 0.050-in grid size, increases in component density in the same or nearly the 
same proportion should never be assumed. Grid size changes affect only the gross point 
Sint ad pat the effective (available) point count. ; 

¢- Power and Ground Bus Patterns. In general, power and ground patterns utilized for 
epee are suitable for automated design techniques also. "The prior emphasis aa 
pe need for close control of factors which tend to reduce the effective conductor routing 
: =! aap beter nee eee Boe and ground buses should be carefully 

ie smallest possible dimensi sively wi 
reduce the Larned of conductor Camel by 10 a agai eae 
ere may be a preferred orientation in which the narrower of the buses, if there is one, 
Bee best be placed on the board side which provides the greatest number of unob- 
ee aS hannels flowing toward the connector strip and be oriented parallel with those 
anes, Board proportions also can influence the preferred orientation. 

Saag which utilize power and ground plane(s) construction provide an advantage in 
sa ie lo not consume conductor routing area, The manufacturing basis for the board 
a? itroduce restrictions, however, if the ground and power plane(s) must be prefabri- 

A ie a standard feed-through clearance hole pattern. 
se - ra Not all printed wiring designs will permit all the recommendations to 

Bese time. The important consideration is that the recommendations be reviewed 
one sea ae product design in order to maximize the number of the preferred conyen- 
re hich can be used. ‘The absence of any one, or a few, of the conventions does not 

he opportunity to utilize automated design techniques. 


45, i 

Roda eeu Wee sealentes cuepee peels to board layout may be used as a 
assure that the printed wiring design is of sufficient quali 

answer to each question is desirable. Bs Sarton agen 
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1. Are all noncritical component mounting hole locations at the grid intersections? 
2. Are all component mounting hole spacings correct? 
3. Are indexing holes adequately spaced? 
4. Do component mounting hole terminal areas contain the proper size hole? 
5. Is the diametral clearance of the component mounting hole within acceptable 
limits? 
6. Are all board-mounting holes properly indicated on the drawing list and dimen- 
sionally located and specified on the board drawing? 
7. Has the number of different hole sizes been kept to a minimum? 
8. Have all tolerances been considered to establish the proper relation of terminal 
area to hole? 
9. Are terminal area sizes compatible with the projection system on the numerically 
controlled drafting machine? 
10. Are terminal areas elongated along the direction of lead clinch? 
11, Is the space required for the printed board optimal? 
12, Are the drawing list and schematic compatible? 
13, Are the printed side and the component side properly indicated on the drawing 


14. Has a suitable tolerance been allowed between plug-in and mating assemblies? 
15. Are all tolerances complete and reasonable? 

16. Are all board dimensions scaled to the basic grid? 

17. Do all comers of the board have a specified radius? 

18. Have all required test pattems been provided? 


46. Artwork Factors. The problem is to obtain a high production yield in a product such 
that a reject is not detectable until the investment is high. To solve the problem, most 
vendors have instituted a rigid inspection of the incoming artwork, or film, before the 
actual fabrication is even begun, That, coupled with rigid inspection of individual layers, 
is their guarantee of good registration. The drilled hole, after all, must be aimed at the 
center of the termination pad. Accuracy is absolutely essential. 

Several techniques commonly have been used to accomplish accurate layer-to-layer 
registration. “Accurate” is, of course, a word that means different things to different 
people, Some might consider a master with a misregistration of 0.010 in to be accurate, 
whereas others might quarrel with anything over 0.005 in. The several techniques 
described next are presented in order of ascending difficulty; the more accurate tech- 
niques are presented last. 

The more basic, but least accurate, technique would be the completely taped or 
completely inked artwork. Inking is seldom used because of the physical difficulty of 
producing complicated artwork with it. Tape, on the other hand, is more difficult to 
photograph and commonly requires the preparation of a contact autopositive as the 
photographic master. Cut-and-peel films produce high-quality photographic masters, but 
their preparation is more complex and expensive than tape. 

In today’s complex printed wiring market many companies are using automated equip- 
ment for the preparation of the artwork master from the printed wiring layout information. 


ARTWORK GENERATION 


Artwork is basically a manufacturing tool, although it is often prepared by the user (the 
designer). It is the most important manufacturing tool used in fabricating printed wiring 
because it uniquely defines the pattern to be placed on the board. Since it is one of the 
first steps in the overall process, the final product can only approach its quality and 
accuracy. Owing to the nature of the production processes used, the artwork must provide 
for certain process allowances; and thus close coordination with the fabricator is 
necessary. 


47. Methods The method required to produce artwork to the established sophistication is 
highly dependent on the size (area) and accuracy required. Those two factors are estab- 
lished by the board design and are affected by the method of manufacture. A guide to the 
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tolerance capability of the two most common methods for producing artwork (i.e., manual 
‘and automatic) is given in Table 1.6. Final scale tolerance is then the tolerance at working 
scale divided by the reduction factor with a practical limit of +0.001 in for location and 
~0,0002 in for size. Except for transmission line applications, accuracy of artwork is 

marily directed toward location and size of terminal areas (pads). 

Most printed circuit layout draftsmen can position terminal areas and wiring on the 
masters to within 0,005 or 0.010 in with the proper equipment. Therefore, 10:1 layouts are 
tased on artwork requiring very high accuracy and 4:1 or 2:1 layouts are used on all other 


TABLE 1.6 Artwork Tolerance Capabilities at Working Scale 
Tolerance, in, for application by_ 
Manual 
Line and pad taping* 
Size tolerance 20.005 
Location tolerance 20.012 
* Application on film material in normal room environments. 
{Application on glass material by NC machines. Controlled 
environment assumed. 


artwork, Draftors doing the layout must remember that the scale is applied to all dimen- 
sions (ie., target diameters, line widths, etc.) and not just those relating to placement. 
Sometimes it is necessary to choose a scale which is compatible with available artwork 
material, 

The automatic artwork generator utilizes a precision xy plotter with an accuracy of 
better than +0.001 in over a usable surface of 4 x 5 ft. The accuracy of the precision 
plotter is such that artwork is usually prepared at a 1:1 scale, which eliminates photo 
reduction. The manual technique requires the artwork to be produced at several times 
working scale and relies on the camera reduction to provide the accuracy required. 

Input to the precision plotter can be either paper or magnetic tape. The data may be 
prepared by either a digitizer or computer program. The digitizer method is presently 
more prevalent, but preparation of computer programs for conductor routing is making 
considerable progress. Output of the digitizer is either paper tape or punched cards; the 
punched cards are then converted to magnetic tape with standard computer programs. 
okey of the computer program is usually magnetic tape, but paper tape also can be 

ined. 


48. Materials Materials used in artwork are either glass or polyester film. Glass plates 
have considerably better dimensional stability than polyester film when there are varia- 
Hons in temperature and humidity. Thus, when accurate artwork (NC machine) is 
required, glass is preferred. 


49. Considerations ‘The use of multiple patterns, as shown in Fig. 1.10, enables the 
fabricator to optimize the many batch-type processes in printed wiring and thus increase 
Production and reduce costs without reducing the need for artwork quality and accuracy. 
In addition to the obvious gain in accuracy by generating artwork automatically, by- 
Products such as drill tapes and test tapes for automatically testing the board are devel- 
ped concurrently with the information required to generate the artwork. As computer- 
aided design techniques are perfected and utilized, outputs of the programs can be used 
directly in plotting artwork. 
Keeping artwork masters extremely clean is as important to the photographie process as 
‘ean metal is to photoresist coating. It is vital if photographers are expected to produce 
wality photo masks at a reasonable cost. If dirty or stained artwork is submitted for 
Photographing, it should be rejected as unusable until it has been cleaned. Othenwise, 
i to masks made from it will have to be hand-opaqued to eliminate unwanted pinholes, 
ines, and ragged image edges. Opaquing takes time, is very expensive, and results in low- 
{uality photo masks which produce low-quality printed circuits. 
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50. Camera Techniques The general principles outlined in the following paragraphs are 
not intended to tell all about printed circuit photography. Obviously, the printed circuit 
photographer must be one of the best. He need not be an expert in studio photography or 
continuous tone work, but he should understand all photographic principles very well. In 
particular, he must thoroughly understand the use and maintenance of a process camera. 
He should have complete facilities for making and checking film reductions of artwork, 
touch-up tables, and a place where he can make screens for screen printing circuit boards. 

1. Proper selection and use of photographic materials is a major consideration in 
photography for printed circuit work. That is particularly true in the case of film bases and 
photographic emulsions. 

2. Camera scales are notoriously inaccurate for making photo masks to the accuracies 
frequently required for printed circuits. Each photo mask should be checked for both 
image size and distortion before it is approved for use. Such measurements may be made 
by using a micro rule or an optical comparator if close tolerances are specified. 

3. All photo images should be inspected for pinholes, scratches, and other faults 
which are touched out with photo opaque between stages in the photo reduction proce- 
dure. Magnifiers such as those used by photo engravers and lithographers are widely 
employed for this inspection and touch-up step. 


DOCUMENTATION 


Whether a board is to be a one-of-a-kind prototype or a high-volume production article, it 
should have some documentation that describes the means to an end. Exactly what should 
be documented and how the documentation should be prepared must be given serious 
consideration ifa quality product is to be produced within a given budget and schedule. A 
printed wiring drawing package should include at least the following drawings. 

1. A schematic diagram indicates with graphic symbols the electrical connections 
and functions of a circuit and thereby enables the user to test, evaluate, and troubleshoot. 

2. The master drawing contains all the information necessary for the manufacture of 
the printed board. 

3, An assembly drawing shows a pictorial representation of the finished, assembled 
board and lists all electromechanical items contained on the assembly, 

4. Artwork is an accurately scaled configuration of the printed circuit from which the 
master pattern is made photographically. 
x 5. Miscellaneous drawings are prepared to support either the master or the assembly 

rawings. 


51. How Much Documentation? Too little printed board documentation results in excessive 
scrappage owing to misinterpretation, productivity decrease that is due to efforts to fill 
information gaps, and loss of uniform configuration that is due to word-of-mouth manufac- 
turing. Information becomes too dependent on individuals rather than documentation. 

Too much documentation results in increased drafting hours and labor costs and 
decreased manufacturing productivity owing to a time-consuming interpretation of over- 
emphasized and confusing drawings. 

Adequate documentation conveys to the user the basic electromechanical design con- 
cept, the type and quantity of parts and materials required, special manufacturing instruc- 
tions, and up-to-date revisions. The use of adequate documentation offers increased 
profits by enabling schedule and budget commitments to be met, and the result is satisfied 
customers who receive quality products on time and at an equitable price. 


52. Minimal Drawing Package In a minimal drawing package, the goal is to prepare the 
information at the lowest possible drafting cost without compromising the design and 
integrity of the board. Since that type of documentation is primarily used by model shops 
for quick-reaction prototype development, the drawings should be neat, legible, and 
informative. 

Master drawings may be prepared by a variety of methods. Miscellaneous drawings, 
such as mechanical details and modifications to purchased or existing parts, should be 
made in sketch form at no compromise to design integrity. 
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53. Formal Documentation Formal documentation should begin only when there is a 
management decision to manufacture and market a product for which only minimal 
documentation exists. The drawing package must be more comprehensive and presenta- 
ble because formal documentation contains information pertinent to the function of 
several manufacturing processes. The drawing package need not be expensive. In fact, the 
cost of formal documentation is only moderately greater than that of the minimal drawing 
package, provided the integrity of the minimal drawing package is maintained. 
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INTRODUCTION 


It is important to understand the fundamentals of manufacture and quality control of high- 
pressure thermosetting laminates. Some of the problems caused by laminate inconsi: 

cies can be explained by failure to control a portion of laminate manufacture. Lam 
are composed of layers of material pressed together under heat and pressure to form a 
dense consistent electrical insulator. The basic raw materials of copper-clad laminate are 
paper and glass cloth or glass mat bonded together with one of various resins, mainly 
phenolic, epoxy, or polyester. 


1. Treating the Base Material The first operation in laminate manufacture, called treating, 
consists of impregnating or coating the base material, either paper or glass, with resin. The 
then semicured to a point suitable for storage and the final pressing operation. The 
treating operation is accomplished by using a machine called a treater, or coater, as shown 
in Fig. 2.1a. 

‘The paper or glass passes through a dip tank of resin, where it is saturated, and then 
through a set of squeeze rollers and a drying oven (see Fig. 2.1b). The oven is air- 
circulating or infrared and can be up to 120 ft long. Most of the volatiles in the resin are 
driven off in the oven, and the resin is partially advanced to what is called a B stage. That 
semicured material is also known in the trade as prepreg, and, in general, it is dry and 
tack-free to handle. The treater illustrated in Fig. 2.1 is a vertical treater and runs 
principally glass fabrics; the horizontal treater in Fig. 2.2 treats paper. 

Rigid process control is applied during treating in order to monitor the ratio of resin to 
base material, the final thickness of the prepreg, and the degree of resin advane 
Beta-ray gauges may compare the raw material with the final semicured produ 
automatically adjust the squeeze rollers above the dip tank so that the proper ratio of resin 
to base material is maintained. The degree of advancement of the resin is controlled by 
the speed of the material through the oven and by the velocity and temperature of the air. 

Now the prepreg material is stored in a temperature- and humidity-controlled area until 
time for the pressing operation. Each roll of prepreg is tagged with the value of each 
component, test results, and date of processing. 


2. Copper Inspection Besides the base material and resin, the other principal ingredient in 
copper-clad laminates is the copper foil. Today almost all copper is electrodeposited on 
large rotating stainless-steel drums. Each roll of copper is inspected by the laminator for 
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surface quality and pinholes, and a sample is taken for trial pressing. The trial pressing 
will show peel strength and general surface quality. The side of foil to be pressed against 
the prepreg is treated with an alloy to improve bondability to the base material. The alloy 
js a proprietary coating, usually of zinc or brass, in a controlled ratio to enhance the 
(hemical bond between the copper and resin or adhesive. 


. Laminate Buildup The copper and the prepreg go to the laminate buildup room, where 
press loads of material are put together. Many laminators build up their sheets in clean- 
room facilities with filtered air-conditioned systems, principally to keep dust particles 
from the copper and prepreg during the buildup operation. Electrostatic attraction to the 
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treated material and copper before pre: 


a source of pits and dents on the copper 
surface of the finished laminate. During the buildup operation, the copper foil is first laid 
against a large polished-steel press pan. Then a number of sheets of prepreg material are 
laid on top of the copper. The number of layers depends on the desired thickness of the 
laminate and the characteristics of the prepreg material. Extremely close tolerances in the 
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Fig. 22 Horizontal treater. (General Electric Company.) 


al laminate are sometimes difficult to achieve because of the thickness tolerance of the 
copper and the flatness variance of each press pan. Some of the art of laminating comes in 

alancing all these variables to produc J dense material to relatively close toler 
ances. The final sheet of copper foil is placed on top of the prepreg if the material is to be 
double-sided copper. If a single-sided laminate is desired, the top press pan can be 
sprayed with a mold release, or, more commonly, a release film can be laid down on top of 
the prepreg. 


4, Laminate Pressing From the buildup room, the press pans with the material are stacked 
into a large, multiple-opening press, as illustrated in Fig. 2.3. Several sheets are pressed 
into each press opening; a typical press is capable of laminating approximately 80 sheets, 
36 x 72 in, Mis in thick. The presses, which are hydraulic, develop pressures in excess of 
1000 psi. Steam is used as a heat source; it is released into each press platen as pressure is 
applied in order to cure the material into a final homogeneous sheet. To ensure that the 
material in the middle of each opening receives enough heat to effect final cure, several 
thermocouples are buried in the center sheet and used to plot a temperature curve. A 


Fig. 2.3 Multiple-opening press. (General Electric Company.) 
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timer automatically records time against a preset cure cycle; and when the correct time 
has elapsed, the cure cycle is stopped by running cold water through the press platens. 
After proper cure, the laminate is trimmed to remove the irregular resin flow areas around 
the edges. Because of the difference in coefficient of thermal expansion of the materials 


involved, some manufacturers have found it desirable to place the laminate sheets in an 


oven at elevated temperatures after pressing, That allows stresses in the material caused 
by laminating to be relieved. 


5, Laminating Final Inspection, Testing, and Quality Control The laminate is visually 
inspected and the copper surface is checked for scratches, pits, and dents. If the material 
passes the visual inspection, military, National Electrical Manufacturers Association 
(NEMA), or customer specification tests are run in a quality or process control laboratory 
Jaminate test area, Usually several mples from each press load are tested to assure that 


OPERATION 
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RAW MATERIAL STORAGE RESIN FORMULATION OR COATING PRESSING 


RESIN BLEND NO. 
TEST RESULTS 


RESIN ADDITIVES 
LOT NO, BATCH NO, ETC. 


GLASS OR PAPER 
ROLL NO: LOAD NO, 


COPPER FOIL 
ROLL NO. 
TEST RESULTS 


ADHESIVES LOT NO. PERMANENT ! 
TEST RESULTS } RECORDS | 


TREATING PROCESS PRESS LOG 
CONTROL BOOK 800K 


Fig. 2.4 Laminate identification system: permanent product-quality-control records. 


the material will meet the appropriate specification. Each sheet is then labeled with the 
manufacturer's identification, the appropriate spec ‘ion, and the load or lot number. 
Most manufacturers keep samples of material from each load for at least a year to enable 
them to check effectively any processing problems or questions which may result from the 
use of that lot in the field. Periodically laminators are required to run a complete set of 
Physical and electrical tests as set forth in NEMA or MIL-P-139491 

Laminators also keep careful records of all constituents of the laminate operation. First, 
the identity of industrial raw laminate materials is maintained and preserved. As an 
example, the General Electric Company uses the system of identification shown in Fig. 
244 to generate its permanent product-quality-control records. 


LAMINATE EVALUATION, SPECIFICATION, AND QUALITY 
CONTROL 


In order to develop information for establishing design criteria and fabrication process 
Control, itis essential to evaluate various types and manufacturers of copper-clad laminate. 
Too often the evaluation is based upon one sheet or sample submitted from each 
Manufacturer. Since the process parameters of laminating are many, it is difficult for 

manufacturer to make an entirely consistent material. Generally, electri ind mechani: 
cal design and the partic i will demand certain features and controls 
of the final material. It is therefore imperati 5 i sts and specifications be 
“etermined by the demands on the finished product. Too often standards are set unrealis. 
tically high in many areas which have no relation to the fabrication process requirement of 
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the final product. In order to determine the pertinent areas for test and evaluation, some of 
the tests most commonly used today are described in the following sections. 


6. Surface and Appearance Probably the most difficult test to define adequately has been 
that of surface and appearance standards. Perhaps more laminate has been rejected for pits 
and dents in the copper, or for coloration variance of the base material, than for any other 
reason. That is particularly frustrating to the laminator, who has used all his technical skill 
to build a consistent insulating material only to find it rejected by the user for cosmetic 
reasons, Most laminators believe that surface and appearance standards must be applied 
in light of the finished boards. Some purchasers of laminate require copper surface 
standards only on critical areas, such as the areas used for tips inserted into edge 
connectors. In those cases, the user usually provides the laminators with an overlay of the 
critical copper areas to be inspected on each sheet of material before it is shipped. Thus 
the surface standard is applied only to the areas which are pertinent to the finished board. 
With over 90 percent of the copper being ultimately removed, the chance of a pit or dent 
affecting a critical area is small indeed. Nevertheless, many customers still pay premium 
prices by requiring the laminator to use special techniques or special selection to provide 
pit-free copper-clad material. 


7. Copper Surface Copper pits and dents are best defined in the surface standards 
established in MIL-P-13949E. The specification defines the longest permissible dimen- 
sion of a pit or dent and supplies point values for rating all pits and dents. The maximum 
total point count for pits and dents, per square foot of panel inspected, is to be less than 30. 
The point system is as follows: 


Point Value Longest Dimension, in 
0.005-0.010 
0,011-0.020 
0.021-0.030 
0,031-0.040 
Over 0.040 


A tighter classification (Grade B in MIL-P-13949E) calls for no pit with the longest 
dimension greater than 0.015 in and no more than three pits per square foot with the 
longest dimension greater than 0,005 in. 


Baswe 


The overlay shown in Fig. 2.5 gives the area and dimension of pits or dents. It is 
sometimes used to train inspection personnel so they can quickly evaluate pit or dent 
area. The depth of scratches in the copper foil is measured with a Johannson surface finish 
indicator (N533). MIL-P-13949E calls for a maximum of five scratches per square foot, 4 in 
in length, over 140 win deep or a maximum of 20 percent of the foil thickness. Foil 
thickness is specified in MIL-F-55561 and is as shown in Table 2.1. 


8, Color Color variance from lot to lot on any particular grade of laminate is usually 
caused by variation in color of batches of resin, variation of coupling agents on the glass 
cloth, type of paper used, or variation of alloy coating on the copper. All the raw materials 


TABLE 2.1 Foil Thickness 


Thickness by weight Thickness by gauges Tolerance 
out wnt Nom. in Nom. mm in 

Me 153 0.0007 0018 +0.0002 
1 305 0.0014 0.035 +0.0002 
2 610 0.0028 0.071 £0.0003 
3 915 0.0042 0.106 £0,0004 
4 1291 0.0056 0.143. £0.0006 
5 1526 0.0070 0.178 =0.0007 
6 1831 0.0084 0.213 0.0008 
7 2136 0.0098 0.246 =0.0010 
10 3052 0.0140 0.353 +0.0014 
4 4272 0.0196 0.492 0.0020 
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are supplied to the laminator, and only by careful inspection of his incoming raw materials 
can the laminator completely control their final effect on color. The color of most epoxy- 
glass laminates comes from the coupling agent on the glass cloth. The main function of a 
‘coupling agent is to provide a stable bond between two dissimilar surfaces; the agent is 

by the glass manufacturer to help bond the resin to the glass. The two commonly 
‘used coupling agents, or binders, are silene (produces white to clear) and laminator 
Chrome (produces green-colored material). If coloration must be specified in a copper-clad 
Jaminate, it should be by working carefully with the laminator. A set of samples which will 
illustrate the acceptable color extremes must be established. 


‘9. Silk-Screen Adherence Test In many applications it is important to test for silk-screen 
ink adherence to both the clad and unclad surfaces of laminates. The laminator has a wide 
variety of techniques at his disposal to prepare the copper and unclad surfaces to help 
‘achieve ink adherence. The method of cleaning the copper will affect copper surface 
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standards, since some copper finishes serve to highlight the copper imperfections much 
more than others do. 

Establishing a standard for ink adherence on the unclad side of laminates is especially 
important when screened component designations are used. Epoxy-glass laminates are 
sometimes difficult to silk-screen, since mold releases are often used on the press pans. 
The releases generally must be removed mechanically from the unclad side by brushing 
at the same time the copper is brushed. Thin release films also are used, particularly with 
thin laminates from which other release agents cannot be effectively brushed. However, 
sometimes the release films make the epoxy surface so smooth that, although it is release- 
free, ink adherence is still difficult to achieve. Occasionally screening also is difficult on 
the unelad side of paper-base laminates. Generally, the laminator should be encouraged 
to use different release agents, because brushing may lower the insulation resistance of 
some paper materials as much as ten times in humidity. 

In establishing a silk-screen ink-adherence test, it is necessary to specify the ink-and- 
bake cycle. The standard tape-adhesive test is common practice in plating (MIL-P-55110), 
and it can also be used for ink adherence: 


‘The screen process printing shall be used to apply one of the following inks to the 
unclad side of the laminated material. 
{a} Use black acid-resisting ink. Dry 30 minutes minimum in air or oven. 
'b) Use black epoxy ink. Cure eight minutes at 135°C in an oven. 
After drying, a strip of pressure-sensitive cellophane tape (conforming to L-T- 
1, class A}, shall be pressed firmly across the surface of the ink. The tape shall 
then be removed rapidly by manual force applied Socios perpendicular to the 
plane of the ink surfuce. Fresh tape shall be used Tor every test 


10. Punchability and Machinability The test for punchability and machinability has been 
subject to much debate among laminators and users. There is as of today no universally 
accepted test method for either characteristic, and research has found little correlation 
with values such as Rockwell's hardness or Barcol hardness. 

a. Drilling. Each laminator should be consulted on recommended drilling speeds and 
feeds prior to any evaluation. Sometimes poor drilling from one material to another occurs 
because each laminator was not given the benefit of recommendations for the material. 
Sectioning the board will help evaluate the type of hole being obtained and is particularly 
important on plated-through applications. Many times sectioning will show the material 
has been heated to such an extent by drilling that the surface is smooth and not platable, is 
smeared with resin, or is so roughened that glass fibers protrude and will inhibit continu- 
ous plated-through holes. 

b, Punching. Punchability can be measured in a die simulating the conditions used in 
the fabrication process. Various hole sizes, spacings, and configurations should be incor- 
porated in the test die. Many paper-base grades will tend to vary in punchability from lot 
to lot; so care must be taken to measure a wide range of sample panels. Careful physical 
inspection and sectioning of the holes will tell the type of punching being obtained. The 
material must be carefully inspected to ensure that no cracking occurs and that there is no 
lifting of copper around the hole. ASTM Designation D G17-44 describes a standard die 
and a method of rating the results achieved by the die. The rating system is described in 
Table 2.2. This standard should be reviewed to determine if either the die or rating 
system could apply to the user's application. Since a rating system of this type can be 
subjective, care must be taken that only carefully trained people apply the system. Each 
laminator should be consulted as to his recommended die tolerance and punching 
temperatures. 


11. Peel Strength 


a. Before the Soldering Operation. The basic test pattern for testing peel suength or 
copper-bond strength specified in MIL-P-13949E and by the NEMA standards is illus- 
trated in Fig. 2.6, The pattern should be processed by the same fabrication techniques as 
in the user's final process with the exception of exposure to various plating solutions or 
solder which will also be tested. When tested for peel strength, the specimen should be 
mounted on a flat horizontal surface. The wide copper end of each trace should be peeled 
back approximately one inch so that the line of peel is perpendicular to the edge of the 
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TABLE 2.2 ASTM Rating of Punched Specimens 
Point 
score Edge Surface Holes 
100 Clean cut Unafiected Clean cut, no bulging 
90 Very slight chip- Microscopic cracks Slight chipping in walls 
ping or very aroundedgesofpiece of holes or very slight 
slight drag or holes bulging around hole 
80 Slight chipping or —_Very slight surface Some chipping in walls 
slight drag cracks around edge of of holes or slight bulg- 
piece or holes or ‘ing around hole 
slight mising of 
surface 
Some chipping or Slight surface cracks or Considerable chipping 
drag some raising of sur- in walls of holes, some 
face around holes bulging around holes 
Cae: tapering of 
hole 
Objectionable Surface cracks around Bad chipping in walls of 
chipping or drag, edges of piece or holes, pronounced 
holes or distinct rais- bulging around hole, 
ing of surface or pronounced taper 
ing of hole 
Bad chipping or Pronounced surface Slight cracks extending 
slight cracking of cracks or pronounced in body of material 
res raising of surface at from holes, severe 
edges or around holes bulging around holes, 
or very pronounced 
tapering of hole 
Severe chippingor Very severe surface Body of material 
cracking of edges cracking or raising of cmcked at holes, very 
surface severe bulging at holes 
or closing up of hole 
with material 


specimen. The end of the peeled strip should then be gripped by a clamp which is 
attached to a force indicator or tensile tester adjusted to compensate for the weight of the 
clamp and connecting chain. The copper foil is then pulled from the material at a rate of 2 
in/min and the minimum load on the force indicator is recorded. 

Peel strength of a %-in trace is converted to pounds per inch width of peel by dividing 
the indicated force by the measured width of the strip. The peel strength test pulls the 
adhesion area directly under the radius formed between the copper being peeled at right 
angles and the material. Since 2-oz copper 
forms a larger radius than 1-oz copper, a 2 
Sreater area of adhesion is being pulled; as a 
Consequence, peel strength for 2-0z copper 
is increased, For that reason it is always 
important to maintain a peeling force that is 
90° to the copper surface so the radius of the 
‘ad is constant. Generally, a 5° deviation 

Perpendicular is acceptable; and if a 
large enough distance is allowed between 
Specimen and force indicator, the 5° vari- 
‘ince will not be exceeded during the course 
test. However, many users and lamina- 
tors have found it desirable to use a testing 
Eatine which moves the force indicator 
bane Se bee as the copper is 
‘ - 

keg l, thus keeping the angle of pull 
Gy ed oS Soldering. As circuit traces 
ave become smaller, the problem 2.6 Copper peel stren; mn, Dimen- 
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solder-touch-up temperatures has become an increasingly important factor. The NEMA 
test, at an elevated temperature, uses the same test pattern; the test sample, if G-10 or FR- 
4, is immersed in silicone oil for 6 min at 125°C and at 150°C if it is G-11 or FR-5. Peeling 
is done, as above, immediately after removal from the oil over a 15-s period, and the 
average peel retention is noted. 
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Fig.2.7 MIL-P-13949E peel strength test pattem. Dimensions are in inches; numbers in parentheses: 
are metric equivalents in millimeters. 


Results on several proposed methods of testing to date have indicated that it is 
important to immerse the test specimen for a relatively long period of time—at least 6 
min—prior to testing. The long immersion is required to bring both the specimen and the 
test jig to a constant temperature; shorter periods of immersion can result in extremely 
inconsistent test data. Specimens can also be placed in an air-circulating oven for 60 + 6 
min; the peel test can then be run in the oven at the appropriate elevated temperature. 
Underwriters Laboratory also has developed a test to determine long-term effects of heat 
aging on bond strength. The test is the normal peel test after the sample has been aged at 
125°C for 1344 h. 

c. After the Soldering, It is usually important to test for peel strength after the dip- 
soldering cycle. The specimen should be floated on the solder pot at 500°F for from 5 to 20 
s, depending on the material being used. No flux should be used on the copper, and all 
excess solder must be removed. Any solder on the specimen will result in extremely 
irregular peeling. Sometimes petroleum jelly may be applied to the copper before 
soldering to prevent any solder wetting. After removal of excess solder, the specimens 
should be visually examined for evidence of blistering and delamination of the metal foil. 

d. After Plating, Plating solutions, particularly cyanide gold, can affect adhesion on 
some copper-clad laminates. Therefore, it is recommended that a peel test be considered 
after exposure to a normal plating operation. MIL-P-13949E recommends the pattem 
illustrated in Fig. 2.7 be used if peel tests after plating are to be run. The procedure 
recommended is as follows: 

1, Degrease in hot trichloroethylene vapor. 
2, Immerse for 5 min, at 93.3 to 100°C, in a 30-g/L sodium hydroxide and 30-g/L 
sodium carbonate solution. 
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3. Rinse in hot water. 

4, Immerse for 20 min at 23 + 5°C, in a 50-g/L sodium cyanide solution. 

5. Rinse in hot water. 

6. Immerse for 30 min at 54.5 + 2.8°C in a 10-g/L sulfuric acid (specific gravity 1.836) 
and 30-g/L boric acid solution. 

7. Rinse in hot water. 

8. Dry for 1 h at 93.3 to 98.9°C. 

9. Inspect specimens for such obvious defects as delamination, wrinkles, measling, 
blisters, and cracks. 


Fig.2.8  Dip-soldering test pattem. Dimensions are in inches: 0.050 in = 1.27 mm; 0.075 in = 1.91 min; 
4,00 in = 101.60 mm; 5.00 in = 127.00 mm. Metric equivalents (to the nearest 0.01 mm) are given for 
general information only and are based on 1 in = 25.4 mm. Tolerances are *0,005 in (0.13 mm) for 
three-place decimals and 0.06 in (1.52 mm) for two-place decimals. This patter is useful with the 
solderability test, since it clearly defines the contact area of a solder meniscus while limiting the mass 
of solder adhering to the board, This aids in obtaining consistent test results. 


12. Solder Resistance Solder resistance should be measured and evaluated in terms of the 
soldering demands made on finished boards. A recommended dip-soldering test pattern 
should include both 1-in* areas of copper and several types of drilled and plated-through 
holes. The pattern should be processed with normal production techniques (see Fig. 2.8). 
Most dip-soldering tests require that the board be floated on the solder surface for a 
given period of time. The temperature of the bath should be measured 1 in below the 
solder surface and must be controlled to within +5°F for consistent results. The time of 
solder float is heavily dependent on the material used and the temperature of the solder 
bath, Both MIL-P-13949E and NEMA specifications give minimum solder float times. 
The test procedure outlined in MIL-P-13949E follows. 
Apply the following cleaning procedure to four control specimens: 
1. Dip in 10 percent fluoroborie acid for 5 s. 
2. Rinse in water. 
tub with fine pumice. 
|. Rinse in water, 

5. Dip in 10 percent fluoroboric acid, 

6. Rinse in water. 

7. Dry with clean compressed air or inert gas. 
ae four control specimens immediately after cleaning with a solution of 75 percent 

Propyl alcohol and 25 percent water-white rosin by weight, Flux may be applied by 
th or dip. The test apparatus, shown in Fig. 2.9, is calibrated as follows: 

1. Level the test fixture so that it enters the solder bath in a horizontal position and 
‘o™ms meniscuses of equal size. The minimum size solder pot which can be used is 8 x 12 
* 3 in deep with solder conforming 60 to 63 percent. 

2. Preheat the test fixture for 14 min by dipping it in the solder bath at 232 + 12.2°C, 
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3. Raise the test fixture from the solder bath and cool for 1% mi 

4. Cool the test fixture for 1% min. Just before the cooling period is over, place a 
control specimen on the test fixture, counterweight with 400 g, and lower the test fixture 
into the solder bath so that it reaches its maximum depth of dip at the end of the 1-min 
cooling period. Skim the oxide from the solder bath prior to dipping. 

5. Dip the control specimen for the test period. At the end of the dip time, raise the 
test fixture from the solder bath and remove the control specimen. Place the specimen 
aside to cool and iest the remaining control specimen 


BEARINGS 


STOP TO HOLO 
SUPPORT IN RAISED 
POSITION 


SUPPORT TO HOLD 
TEST FIXTURE AND 
PROVIDE UNIFORM 
VERTICAL MOTION 


HARDENED STEEL SHAFT 


_ BEARING PLATE 
FOR GEAR DEVICE 


MOVABLE COLLAR TO 
PRESET DEPTH OF DIP 


FIXTURE FOR 
HOLDING PRINTED 
WIRING BOARD ———— 


GEAR DEVICE TO 
RAISE OR LOWER 
FIXTURE INTO BATH 


SOLDERABILITY : 
TEST FIXTURE 


\ 
SOLDER BATH— GLASS PLATE 


OR WIRING 


BASE FOR 
TEST APPARATUS. 


— LEVELING SCREW 


Fig. 2.9 Meniscus test fixture, 


BASE LAMINATE TESTING 


‘To perform a base laminate test, etch off a 1 x 6-in strip on two 6 x 6-in boards. Immerse 
one board in 500°F solder at a 45° angle for 20 s. Remove, allow to cool, and observe for 
blistering, measling, warp, and twist. Place the other board on edge in a metal rack in a 
pressure cooker with 15 Ib of steam for 2 h. Allow board to dry at room temperature for 1h 
\d immerse at 500°F and at an angle of 45°. This test is a relative measure of cure, since 
cure and moisture absorption are proportionally related. 


13. Delamination Delamination of materials is defined as a separation of the layers of the 
board under heat and is usually the result of poor laminate cure or lack of resin in one or 
more layers. A white checking in the material that is sometimes referred to as “measling” 
is caused by one fiber of glass pulling away from another at the intersection of the glass 
fibers in the woven cloth. The effect may be due to stres pressed into the material and 
released upon heating, which results in a minute pulling apart of the glass cloth and resin. 
Also, if eyelets or terminals are too tightly set, measling may occur from external stressing 
factors. Measling may be present around the periphery of a board if poor shearing or 
wing techniques are used. The Institute of Printed Circuits, in its publication “Accepta- 
bility of Printed Circuit Boards,” has defined measling, crazing, blistering, and weave 
exposure, as shown in Fig. 2.10. The base laminate should be examined for the conditions 
illustrated. 
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The laminate should also be examined for coloration changes after dip-soldering, 
particularly the lighter paper-base grades. Excessive temperature will quickly discolor 
paper laminates, and care must be taken not to place excessive demands on the material. 
The user is encouraged to section the holes in the test pattem after the solder dip, 
particularly in plated-through-hole applications. Sectioning may show volatiles being 
Mriven off through voids or weak points in plated-through holes. The volatiles may be the 
result of excessive volatile pressed into the material or of moisture absorbed during the 
plating, process because of poor fabrication techniques. Volatiles se a bubbling of 
solder in the plated-through holes and give rise to cold solder joints 


(c) (d) 


Fig, 2.10 Base laminate defects, (a) Measling: « condition existing in the base laminate in the form 
of discrete white spots or crosses, below the surface of the base laminate, that reflect a separation of 
fibers in the glass cloth at the weave intersection, (b) Crazing: a condition existing in the base laminate 
in the form of connected white spots or crosses, on or below the surface of the base laminate, that 
reflect the separation of fibers in the glass cloth and connecting weave intersections, (c) Blistering: 
4 localized swelling and separation between any of the layers of the base laminate and/or between 
the laminate and the metal cladding. (d) Weave texture: a surface condition in which the unbroken 
fibers ure completely covered with resin yet exhibit the definite weave pattem of the glass cloth. 


ree seboeurs: a surface condition in which the unbroken woven glass cloth is not uniformly covered 
by resin, 


‘The board should also be examined for excessive warp and twist and any hole tilting or 
deformation, MIL-P-13949E may be consulted to determine warp and twist 
Specifications, 


14, Warp and Twist Warp or twist in manufactured sheets with both dimensions 18 in or 

over is determined by suspending the sheet so that the horizontal level plane touches 

both comers. No pressure should be applied, and the warp or twist is calculated as 

follows: 

_ 36D 

Lt 

where C p or twist for 36-in dimension 
D = maximum deviation from horizontal surface 
L, = length along horizontal straight edge, in 


Cc x 100 


Cut-to-size panels should be measured by placing the convex surface of the panel 
Upward and measuring the maximum vertical height from horizontal surface to edge. In 
the core or cut panels, the usual deviation is expressed in inches per inch rather than in 
terms of a 36-in dimension, 


ise Flammability In recent years more emphasis has been placed on flammability of 
fopperc lad laminate, particularly to meet more stringent Underwriters’ Laboratory 
‘equirements. The UL test is most commonly used, and it is performed as follows: 
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1. Condition five samples at 23°C, 50 percent relative humidity for 48 h. 

2. Flame is provided by 4-in bumer with 0.375-in nominal bore. Natural gas (900 to 
1200 Btu) or synthetic gas (530 to 550 Btu) may be used. Burner is ignited away from the 
sample and adjusted to produce a blue flame of approximately 0.75 in. 

3. The test sample is clamped vertically so that the lower end is 0.38 in above the top 
of the bumer. " 

4. The test flame is placed centrally under the lower end of the test specimen; the 
burner may be tipped 20° to avoid dripping material. 

5. The bumer is removed after the specified time and the duration of flaming or 
glowing of the specimen is noted and recorded. When specifications call for two applica- 
tions, the second test is made within 5 s after combustion stops. 


Z-AXIS 
( PERPENDICULAR TO 
LAMINATE SURFACE ) 


% 
(CROSSWISE 
DIMENSION) 


x 
(LENGTHWISE 
DIMENSION) 
Fig. 2.11 Typical laminate axis definition. Note that x, or lengthwise, direction is defined by a specifie 
part of the manufacturer's watermark, 


16. Dimensional Stability As circuit density has increased, so has the need for dimensional 
stability of finished circuit boards. In general, the dimensional stability in the lengthwise 
or crosswise dimension (x, y) illustrated in Fig. 2.11 is a function of the laminate 
reinforcement (glass or paper). The thickness expansion (z) is generally a function of the 
resin system or resin matrix, It is important to recognize which is the lengthwise direction 
of the treated material going into laminate construction. The laminator usually identifies 
the lengthwise dimension by the vertical direction of his water mark, as shown. 

To measure dimensional stability, one specimen should be taken from the lengthwise 
edge and one from the center of each sample sheet. Specimens should conform to Fig. 
on which is taken from MIL-P-55617A Military Specification for Thin Laminate Metal 
Clad. 

1. Drill four 0.031-in-diameter holes 0.5 in from each edge and at the midpoint of 
each side as shown in Fig, 2.12. 

2. Using the determined location points, measure from hole to hole the lengthwise 
and crosswise dimensions and record. 

3. Cover the drilled holes with adhesive circular labels and remove all copper. 

4, Remove the labels and measure; record the measurement. 


Laminate Manufacture and Quality Control 2-15 


5. Subject the specimen, when applicable, to elevated temperature, usually 1 h at the 
continuous operating temperature for the material being tested. 

6. Allow the material to cool and record the dimensions as above. 

7. Iftemperature cycling is required, subject the samples to required cycle. Military 

fications call for glass-base material to cycle % h at 125°C, % h at 25°C, % h at —65°C, 
ahd % h at 25°C. Complete five of these 

Jes before measuring dimensional sta- 10.00 

bility. See the chapter on multilayer (254.00) 
materials for a more detailed discussion 
of dimensional stability in the z axis 
47, Degree of Cure ‘The degree of cure of {272:40}11.00 10.00 
most base resins that go into high-pres- SO (25400) 
sure laminates, as well as the measure- 
ment of cure, is subject to broad spectrum 
of interpretation. However, there are sev- 242 Dimensional stability specimen, Di 
eral methods involving some instrumen- br are in inches. Metric glares te te 
tation which might be applicable to nearest 0,01 mm) are given for general information 
determining the degree of cure, Limiting — only and are based on 1 in = 25.4 mm. Millimeters 
our discussion to epoxy-glass laminates are in parentheses. Drill four 0.031-in- (0.79-mm-) 
and the methods suitable for those not — diameter holes 0.500 in (12.70 mm) from each edge 
having extensive laboratory facilities, the 4 within 0.250 in (6.35 mm) of the midpoint 
following techniques are suggested: aeenred ch meh cone 

a. Thermal Analysis. Use a differential 
scanning calorimeter to determine the residual caloric value of the cured sample. The 
instrument measures heat from the exothermic reaction, caused by the resin curing, as a 
caloric value. When a laminate is fully cured, there is always some residual caloric value 
remaining. Measurement of that value in a differential scanning calorimeter usually gives 
low numbers compared to the very high exothermic reaction measured when uncured 
samples are tested. Therefore, the measured amount of residual caloric values on accepta- 
ble standard laminates will provide a working reference for residual values and for the 
high exotherm of uncured samples. 

4, Spectral Analysis. This is applicable in some instances, but it has some inherent 
drawbacks. Sample extraction and determination of weight loss during the extraction plus 
the spectral analysis of the extractables can sometimes provide a measure of the degree of 
cure, 

©, Dip-soldering Techniques. Many users determine relative degree of cure by inserting 
46 x 6-in sample with a 1-in strip of copper etched on it into a 500°F solder pot at 45° 
inclination. Measurement of deflection as well as warp and twist will often give a measure 
of the relative degree of cure if enough data have been gathered to determine the basic 
Working range of a particular resin system. 

In the final analysis, degree of cure is a relative thing, Its value should be measured 
under conditions that closely approximate the processing stresses and environmental 
conditions to which the circuit board is to be subjected. 


INSULATION RESISTANCE 


The insulation resistance between two conductors or holes is the ratio of the voltage to the 
total current between the conductors. Insulation resistance is composed of both the 
Volume and surface resistance in a copper-clad laminate. Results of insulation-resistance 
tests can vary widely if careful control of environmental conditions and process tech- 
Niques of the test samples is not exercised. While the actual value of insulation resistance 
May be initially important, it is the change in resistance under a specified environmental 
‘condition that is usually more significant. The insulation-resistance test is of greatest 

ue when the test specimen is subjected to the same environment as will be required in 
the final application. 


16. Parameters and Test Conditions ‘The insulation resistance of copper-clad laminates 
"ases both with increasing temperature and with increasing humidity. Volume resis- 
ice is particularly sensitive to temperature changes, and surface resistance changes 
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widely and very rapidly with humidity changes. Since extended periods of conditioning 
are required to determine the of humidity on surface resistivity, it is recom- 
mended, for example, that 96 h at 35°C in a 90 percent relative humidity environment be 
used. Test data also show that some materials will recover from humidity conditioning 
much more rapidly than others. Therefore, it may be desirable to cycle humidity and 
temperature over a specified period of time if this test will best simulate the final 
environment. 


0,250 


a Sia igeeae sess 
0.250 
2.000 : 0.015. oe 
——— = ELECTRODE 1 


>| pros ELECTRODE 2 


ELECTRODE 3 
Fig. 2-13 Surface-resistance pattem. Dimensions are in inches. 


In order to obtain consistent results, extreme care must be taken in processing and 
handling the test boards. Etching of the pattem must leave well-defined lines with no 
cracked or ragged areas. Rubber gloves, preferably surgical, must be used at all times 
while handling the test boards. Fingerprints can reduce the value of surface resistivity as 
much as three decades. The following procedure for cleaning test specimens is recom- 
mended before any testing proceeds. 

1. Place specimens from etch bath immediately in racks in running water at 60°F for 
5 min. 

2. Place specimens in 10 percent oxalic acid with agitation for 10 min. 

3. Scrub with fine pumice. 

4. Place specimens in running water at 60 + 5°F for 30 min. 

5. Scrub with demineralized water (one megohm minimum). Rinse with fresh demi- 
neralized water. Remove with gloves. 

6, Stand specimens on rack in oven at 80°C for one hour (use double clip). 

7. Remove with rubber gloves (washed with alcohol), and put into desiccator used as 
dust-free container. 

a. Wash gloves in alcohol and store in same dust-free container. 

b, Touch only sample edges and/or clip leads; wear rubber gloves. 


19. Specimen Preparation Kither the metal foil of the specimen may be completely 
removed by etching or metal foil outlines may be left on the specimen to form the edges of 
the electrodes, The electrodes are generally completed by applying a porous, conductive 
silver paint to both sides of the specimen. However, for comparative purposes, copper 
electrodes may be used rather than the conductive paint. 

a, Surface Resistance. ‘The surface resistance between two points on the surface on any 
insulation material is the ratio of the de potential applied between the two points to the 
total current between them. One of the most commonly used surface-resistance patterns is 

the ASTM pattern illustrated in Fig. 2.13. This is a circular 
pattern with a three-electrode arrangement for measuring 

— + [LOW the surface resistance parallel to the laminate. The third 
electrode is a guard conductor which intercepts stray cur- 

rents which might otherwise cause error. For measurement 

GUARD + of surface resistance, the resistance of the surface gap 

between electrodes 1 and 2 is measured. The measured 

Fig. 2.14 Guarding circuit current flows between electrodes 1 and 2, while stray cur- 

for surface resistance parallel rent flows between electrodes 1 and 3, as shown in Fig. 
to the laminate. 2.14. 
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Measurements should be made after 500 V de has been applied to the specimens for 60 
s + 5s or ~ 0s by means of a megohm bridge having an accuracy of £6 percent at 10" 2. 
Measurements are to be made at the end of the prescribed conditioning time and 


eorurtuce resistivity is calculated as follows: 


RP 
D 


where VRw = surface resistivity, M0. 
R’ = measured surface resistance, MQ. 
P = effective perimeter of the guarded electrode, em 
D = Distance between inner circle and outer guard ring, em 


Comb patterns such as the one illustrated in Fig. 2.15 have also been commonly used in 

surface-resistance tests. The patterns may simulate the final configuration of most copper- 
clad laminate boards, since the lines on the pat- 
tern approximate trace spacing in the board. 
Because of the narrow, close pattern, care must be 
taken to achieve clean, well-defined lines with no 
ragged areas. 

b. Volume Resistance. Volume resistance is the 
ratio of the de potential applied to electrodes 
embedded in a material to the current between 
them. It is usually expressed in ohm-centimeters. 
The ASTM test pattern shown in Fig. 2.13 can 
also be used for volume resistance. For the mea- 
surement of volume resistance, the measured eur- 


+ _euaRO+ 


Se SS 
Low 
Fig. 215 Comb pattern for surface resistance. Fig.2.16 Guarding circuit for volume resistance. 


rent flows between electrodes 1 and 3, while stray current flows between electrodes 2 and 
3 as shown in Fig. 2.16. 
Volume resistivity is calculated as follows: 
RA 


r=— 


t 


r 


where r = volume resistivity, MOQ-em 
R = measured volume resistance, MQ 
A = effective area of guarded electrode, cm* 
= average measured thickness of specimen, cm 


¢. Properties of Copper-clad Laminates. ‘To establish the design parameters necessary for 
‘ny copper-clad printed board application it is necessary to know approximately what the 
Principal laminate properties are. Listed in this section are the characteristics which are 
‘ost readily required in both electrical and mechanical design applications. Some of the 
tests involving those properties are described in the section on laminate evaluation. The 
Principal materials to be discussed are as follows, 


20. Grades and Specifications See Tables 2.3, 2.4, and 2.5. 


21. Material Designations The most common method of designating copper-clad materials 

fceseribed in MIL-P-13949E and illustrated in Fig. 2.17. FL is always used to designate 

foil-clad laminates. As an example: FL-GF-.062-C-1/2-A-2-A means foil-clad, FR-4, 0.062 

Dad copper-foil-clad 1 oz one side and 2 oz the other, grade A pits and dents, class 2 
s tolerance, and class A wrap and twist. 


248 — Engineering 
TABLE 2.3 Standard Materials 
Military 
NEMA designation 
grade MIL-P-13949E __ Resin system Base Color Description 
XXXP None Phenolic Paper Opaque Phenolic paper with no 
brown —_cald-punch stipulation 
XXXPC None Phenolic Paper Opaque Phenolic paper with punch- 
brown ability at or above room 
temperature 
FR2 None Phenolic Paper Opaque Phenolic paper, punchable, 
brown —_ with flame-resistant (self 
extinguishing) resin 
system 
FR3 PX Epoxy Pauper Opaque Epoxy resin, paper base 
cream with flame-resistant resin 
system, cold punching, 
and high insulation 
resistance 
None None Epoxy Paperglass Opaque Epoxy resin papercore with 
composite cream glass on the laminate sur- 
face, self-extinguishing, 
economic fabrication of 
paper base, mechanical 
characteristics of glass 
FRG None Polyester Glass mat Opaque Polyester, random glass 
white fiber, flame-resistant, 
designed for low-capaci- 
ba Glasto 
G10 GE Epoxy Glass ‘Translu- Epoxy-glass, general 
cent purpose 
green or 
white 
FRA4 GF Epoxy Glass Trnslu- Epoxy-glass with self-extin- 
cent guishing resin system 
green or 
white 
Gil GP Epoxy Glass ‘Translu- High-temperature epoxy- 
cent glass with strength and 
green or _ electrical retention at ele- 
white vated 
FRS GH Epoxy Glass ‘Translu- High-tes 


white and at 
elevated temperatures 
Polyimide Glass ‘Translu- Polyimide resin, glass lami- 
cent nate with high continuous 
dark and 
brown high property retention at 
temperature, low-z dimen- 
sional expansion 


22. Conditioning Designations The conditioning designations used to describe the envi- 
ronments in which tests were run are as follows: 

Condition A. As received; no special conditioning 

Condition C. Humidity conditioning 

Condition D. Immersion conditioning in distilled water 

Condition E. Temperature conditioning 

Condition T. Test condition 

Conditioning procedures are designated in accordance with the following: 

1. First, a capital letter indicates the general condition of the specimen to be tested, 
i.e. as received or conditioned to humidity, immersion, or temperature. 

2. A number which indicates the duration of the conditioning, in hours, follows. 
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TABLE 24 Materials for High-frequency Application 
2 


NEMA designation 
grade MIL-P-IS949E Resin system __ Base Description 
CT cT TFE Glass fabric base, PTFE 
(Teflon) resin, con- 
trolled dielectric 
constant 
Glass fabric base, PTFE. 
(Teflon) resin dielectric 
constant with closer 
controlled limits than 
GT 
Polystyrene cast-resin 
base for low-dissipa- 
tion-factor applications 
Polyethylene cast base, 
radiation cross-linked 
for low dissipation 
factor 


Description 


‘These laminates are designed for 
use with additive processes 
using adhesive bonding 
techniques. 


‘These laminates are used in the 
patented seeded and coated pro- 
cesses. They are seeded with a 
small percent of the catalytic 
seeding agent dispersed 
throughout the resin system and. 
‘Translucent are coated with a catalyzed 
green or adhesive, 
white 


Sacrificial aluminum-clad 

Paper ‘These laminates are the patented 
sacrificial additive process. They 
are clad two sides with a spe- 
cially anodized aluminum foil. 
‘The sacrificial aluminum clad- 
ding makes the laminate surface 
acceptable for the additive 
process. 


Swell and etch 
‘Translucent — This laminate is used in the com- 

green or mercially available swell and 

white etch additive process. The 
‘epoxy-glass laminate has a 
0.0015-in-thick “resin-rich” sur- 
face and a specially designed 
surface for swell and etch 
chemicals. 


= eS ES 


3. After a slant, a second number indicates the conditioning temperature, in degrees 
centigrade. 

4. After another slant, a third number indicates the relative humidity whenever the 
relative humidity is controlled. For example, C 96/35/90 indicates humidity conditioning 
for 96 h at 35°C and 90 percent relative humidity. 


COMPOSITE BASE NOMINAL FOIL NOMINAL GRADEOF CLASSOF CLASSOF 
MATERIAL MATERIAL THICKNESS MATERIAL FOIL PITS AND THICKNESS WARP OR 
WEIGHT DENTS TOLERANCE TWIST 


Fig. 2.17 Designations of copper-clad materials. 


23. Mechanical Properties of Laminates The principal characteristics usually required in 
the mechanical design of printed boards are outlined here: If a specific test is required, 
the test is listed under a particular heading. Whenever they are available, the minimum 
standards set forth in MIL-P-13949E or NEMA standards for industrial laminates are 
used. 

a, Flexural Strength. Method: ASTM D 790. Unit of value: psi. This test is measure of 
load which a beam will stand without fracture when supported at the ends and loaded in 
the center, as shown in Fig. 2.18. 

Materials ‘4e in in thickness are broken over a 1-in span. Materials over 4s in in thickness 
are broken over a span equal to 16 times the material thickness. “Lengthwise” means the 

direction of the sheet known to be stronger in flexure, and “cross- 
wise” means at right angles to the lengthwise direction. See Table 
2.6. 
b, Weight of the Base Material. Unit of value: oz/ft* (add | or 2 oz 
ft per side for the weight of copper). See Table 2.7. 
¢. Thickness Tolerance. Nominal thicknesses and tolerances 
Fig. 2.18 Flexural should be as specified below per MIL-P-13949E. At least 90 
strength test. percent of the area of a sheet should be within the tolerance given, 
and at no point should the thickness vary from the nominal by a 
value greater than 125 percent of the specified tolerance. Cut sheets less than 18 x 18 in 
should meet the applicable thickness tolerance in 100 percent of the area of the sheet. 
Class of tolerance is as specified in the type designation. For nominal thicknesses not 
shown in this table, the tolerance for the next greater thickness shown applies. The 
nominal thicknesses include the metal foil except microwave materials, which are without 
foil. See Table 2.8, 

d, Warp and Twist Percent Variation. Warp and twist values are per MIL-P-13949E. The 
values apply only to sheet sizes as manufactured and to cut pieces having either dimen- 
sion not less than 18 in. For intermediate thickness, the next greater thickness value 
applies. See Table 2.9. 


TABLE 2.6 Flexural Strength-Condition A 
(Minimum average psi) 


Material Lengthwise Crosswise 
XXXP- 12,000 10,500 
XXXPC 12,000 10,500 
FR2 12,000 10,500 
FR 20,000 16,000 
Epoxy-paper or -glass 50,000 35,000 
FR 60,000 50,000 
FRS 60,000 50,000 
FRO 15,000 15,000 
G0 60,000 50,000 
Gi 60,000 
cT 15,000 10,000 


Cx 
Polyimide 50,000 40,000 
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‘¢. Warp and Twist Variation, Cut Panels. Warp and twist of cut panels with either 

dimension less than 18 in are per MIL-P-13949E; see Table 2.10. For intermediate 
thickness, the next greater thickness value applies. 


‘24, Etfects of Environmental Change These properties are listed for the mechanical factors 
which might be affected in a board design by the changing environment. 


TABLE 2.7 Base Material Weight 


Class 4 
Class 2 Class 3 For microwave 
All types All types: wpplication 
0,031 = 0.0040 0.031 = 0.0030 0.030 + 0.0020, 
0.062 + 0.0050 062 = 0,060 = 0,0020 
0.093 = 0.0070 


. 0.125 = 0.0090 . 0,120 = 0,0035 
0.250 = 0.0120 x 0.250 + 0.0120 1.250 = 0. 0,240 = 0,0040 


TABLE 2.9 Warp and Twist per MIL-P-13949E 
‘Total variation, maximum, percent (on basis of 36-in dimension) 
Class A ___ Class B 
All types, all All types, all 
nets welchts metal two NAPS. weights metal (wo 
metal (one sides) metal (one __sides) 
side) 


2 
10 


0,120 oF 0.135 
0.240 or 0.250 


TABLE 2.10 Warp or Twist of Cut-to-size Panels 
‘Total variation, maximum, inv/in 
Class C 


“Alltypes, All types, 
all weights 


Panel size 


TABLE 2.11 Operating Temperature 


High-frequency applications 
220 


Cross-linked polystyrene 


a, Maximum Continuous Operating Temperature. See Table 2.11. 
Strength (before and after Solder Dip). Method: See Chap, 2, Sec. 11. Unit of 
value: Ib/in of width. See Table 2.12. 
¢, Relative Humidity on Surface Resistivity of Glass Epoxy. The effect of humidity on the 
surface resistance of glass-epoxy was measured by using the ASTM three-electrode 


TABLE 2.12 Peel Strength 


Condition E-1/150 


Ordinary applications 
6 7 


DANA AH 
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frequency applications 
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ee 


Cross-linked polystyrene 


Additive (typically processed) 
Sacrificial aluminum 


Epoxy-paper or -glass 
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circular pattem, starting with 97.5 percent relative humidity at 40°C and decreasing the 
humidity to 64 percent. The results, shown in Fig. 2.19, indicate that the surface resistivity 


decreases logarithmically with an increase in humidity at approximately the rate of one 
decade per 20 percent humidity change. 
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RELATIVE HUMIDITY, % 
Fig. 2.19 Surface resistivity vs. relative humidity. 


25. Coefficient of Thermal Expansion Method: ASTM D696 (at 130°F). Unit of value: in/ 
(in)(C). The coefficient of thermal expansion, Table 2.13, is the change in length per unit 
of length per degree change in temperature. The coefficient may vary in different 
temperature ranges; so the temperature range must be specified. 


TABLE 2.13 Coefficient of Thermal Expansion 


High-frequency applications 
10 
Gx 10 
Polystyrene 7.0 10 
Crosslinked polystyrene 57 57 


26. Water Absorption Unit of value: percent. Water absorption is the ratio of weight of 
Water absorbed by the material to the weight of the dry material. See Table 2.14. 


27. Thermal Conductivity of the Base Material without Copper Unit of value: Btu-hi/(ft®)(in 
thickness)("F). Thermal conductivity is the rate of heat flow under steady conditions, per 
Unit of area and per unit of temperature gradient, in the direction perpendicular to the 
‘Measured area. When values are expressed in other units, conversion to the desired units 
may be calculated by use of Table 2.15: 


28. Copper-bond Strength Retention Method: Underwriters Laboratory test, 1344 h at 
125°C. Unit of value: percent of retention. Results are summarized in Table 2.16. 


28. Fungus Resistance Resistance to various fungi is usually exhibited by lamination with 
©Poxy resins; laminates with phenolic resins are not resistant. See Tables 2.17 and 2.18. 
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TABLE 2.14 Water Absorption, Condition D 24/23 

Materials Main Yre-in Shain 

Ordinary applications 
13 


XXXP 10 0.85 
XXXPC 13 0.75 0.65, 
FR te a 0.75 0.65 
FR3 10 0.65 0.60 
Epoxy-paper or ~glass 0.16 
FR6 0.40 
G10 050 0.25 0.20 
FR4 0.50 0.25 0.20 
Gu 0.50 0.25 0.20 
FRS 050 0.25 0.20 
Polyimide Lo 

High-frequency applications 
GT 0.20 0.10 0.09 
GX 0.20 0.10 0.09 
Polystyrene 0.05 
Gross-linked polystyrene 0.01 
TABLE 215 Thermal Conductivity of Base Materials 
Conductivity Material Conductivity 
7 Gl 18 
18 FR4 18 
16 FRS 18 
Ls 
TABLE 2.16 Copper-bond Strength Retention 
Material Percent Material Percent 
XXXP 50 Gi 50 
FR2 50 FR4 50 
FRS 50 FRS 50 
G10 50 
TABLE 2.17 Fungus Resistance Tests 
Military 
Test organisms Culture no. specification 

Aspergillus niger WADC 215-4247 MIL-F-8261 

Aspergillus flavus WADC 26 MIL-F-8961 

‘Trichoderma T-1 WADC T-1 MIL-F-8261 

Chaetominm globosum USDA 1042.4 MIL-E-4970 

Aspergillus niger USDA te 215-4947 MIL-E-4970 

Penicillium luteum USDA 1336.1 MIL-E-4970 

Aspergillus flacus WADE 26 MIL-E-4970 

Memnoniella echinata WADC 37 MIL-E-4970 

Myro-Thecium verrucaria ATCC 9095 MIL-E-5272 

illus terreus ATCC 10690 MIL-E-5272 

Penicillium ATCC 9849 MIL-E-5272, 


TABLE 2.18 Fungus Resistance Test Results 


Military specifications _ 


Material Construction MIL-F-8261 ‘MIL-E-4970 MIL-E-5272 
XXXP Paper-phenolic Not resistant Not resistant Not resistant 
XXXPC Paper-phenolic Not resistant Not resistant Not resistant 
FR3 Paper-epoxy Resistant Resistant Resistant 
FR4 Glass-epoxy Resistant Resistant Resistant 
FR5 Glass-epoxy_ Resistant Resistant Resistant 
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30. Flammability According to Underwriters Laboratories. materials tested for flammabil- 
ity are classified 94V-0, 94V-1, and 94V-2. Definitions of those classifications, as tested by 
UL flammability procedure, are outlined below. 


94V-0 Specimens must extinguish within 10 s after each flame application and a total 
combustion of less than 50 s after 10 flame applications. No samples are to drip 
flaming particles or have glowing combustion lasting beyond 30 s after the second 
flame test. 

94V-L Specimens must extinguish within 30 s after each flame application and a total 
combustion of less than 250 s after 10 flame applications. No samples are to drip 
flaming particles or have glowing combustion lasting beyond 60 s after the second 
flame test. 

94V-2 Specimens must extinguish within 30 s after each flame application and a total 
combustion of less than 250 s after 10 flame applications. Samples may drip flame 
particles, burning briefly and no specimen will have glowing combustion beyond 
60 s after the second flame test. 


94H-b This classification is outlined in Table 2.19. 


‘TABLE 2.19 Flammability Classifications 


(ae te A a = PE 
Grade ea 
XXXPC OMB 
FRO AV or 94V-1 
FRI S4HB 
Epoxy-paper or -glass composite 94V-0 
94V-0 


$1. Dielectric Strength (Perpendicular to the laminations at 23°C) Method: ASTM D 149. 
Unit of value: V/mil. Dielectric strength is the ability of an insulation material to resist the 
passage of a disruptive discharge produced by an electric stress. A disruptive discharge is 
measured by applying 60-Hz voltage through the thickness of the laminate, as shown in 
Fig. 2.20. All the tests are run under oil In the short-time test, the applied voltage is 


— #4 


Fig. 2.20 Dielectric strength test. Fig. 2.21 Dielectric constant test. 


increased at a uniform rate of 0.5 kV/s. In the step-by-step test, the initial voltage is 50 
Percent of the short-time breakdown voltage; then the voltage is increased in increments 
According to a predetermined schedule at 1-min intervals. The test values for dielectric 
strength vary with the thickness of material, the form and size of electrodes, the time of 
Application of the voltage, the temperature, the frequency and waveshape of the voltage, 


a eg Senooneding medium. Step-by-step data for 4e-in-thick material are as shown in 


TABLE 2.20 Dielectric Strength Data 
Vim 
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92. Dielectric Breakdown (Parallel to the laminations at 23°C) Method: ASTM D 149, Unit 
of value: kV. Condition D 48/50. Dielectric breakdown is the disruptive discharge 
measured between two electrodes (Pratt and Whitney No. 3 taper pins) inserted in the 
laminate on 1-in centers perpendicular to the laminations. All tests are run under oil. The 
short-time and step-by-step tests are performed as in the test for dielectric strength 
perpendicular to laminations. Step-by-step data on *he-in-thick material (type kV) are 
given in Table 2.21. 


33. Dielectric Constant Method: ASTM D 150. Unit of value: dimensionless. Dielectric 
constant is the ratio of the capacitance of a capacitor with a given dielectric to the 
capacitance of the same capacitor with air as a dielectric, as illustrated in Fig. 2.21. The 
dielectric constant is a measure of the ability of an insulating material to store electrostatic 
energy. It is calculated from the capacitance as read on a capacitance bridge, the thickness 
of the specimen, and the area of the electrodes. It varies with temperature, humidity, and 
frequency, See Table 2.22. 


TABLE 2,22 Dielectric Constants 


____ Dielectric constant, at 1 MHz, under 


Materials Condition D 24/23 Condition D 48/50 
Ordinary applications 

XXXP 4. 45 
XXXPC 4. 45 
FR2 45 AS 
FRS 43 48 
Epoxy-paper or -glass 441 5.0 

RG 41 41 
G-10 46 43 
FR4 46 43 
GAL AS 45 
FRS 43 45 
Polyimide 48 5.0 

High-frequency applications 

cT 28 28 
GX 28 28 
Polystyrene 25 25 
Cross-linked polystyrene 26 26 


34, Dissipation Factor (Average at | MHz) Method: ASTM D 150 (see Fig. 2.22). Unit of 

value: dimensionless. In an insulating material, the dissipation factor is the ratio of the 

total power loss, in watts, in the material to the product of the voltage and current in a 

eee eh ea the material is a dielectric. It varies over a frequency range. See Tables 
ant k 


35. Current-Carrying Capacity as a Function of Ambient Temperature Unit of value: A. The 
design chart, Fig. 2.23, has been prepared as an aid in estimating temperature rises (above 
ambient) vs. current for various cross-sectional areas of etched copper conductors. It is 
assumed that normal design conditions prevail when the conductor surface area is 
relatively small compared with the adjacent free panel area. The curves as presented 
include a nominal 10 percent derating (on a current basis) to allow for normal variations in 
etching techniques, copper thickness, conductor width estimates, and cross-sectional 
area. 
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‘Additional derating of 15 percent is suggested under the following conditions: 
a. For panel thickness of %2 in or less 
b. For conductor thickness of 0.0042 in (3 oz/ft*) or greater. 

For general use, the permissible temperature rise is defined as the difference between 
the maximum safe operating temperature of the laminate and the maximum ambient 
at which the panel will be used. For single-conductor a 
‘applications, the chart may be used for determining conductor Ee 
widths, conductor thickness, cross-sectional area, and current-car- 
rying capacity for various temperature rises. Remember to calcu- 
late area with the final plating thickness. R 

For groups of similar parallel conductors, if closely spaced, the 
temperature rise may be found by using an equivalent cross sec- 
tion and an equivalent current. The equivalent cross section is 
‘equal to the sum of the cross sections of the parallel conductors, Fig. 2.22 Dissipation 
and the equivalent current is the sum of the currents in the factor test. 


conductors. 
‘The effect of heating due to attachment of power-dissipating parts is not included. The 
conductor thicknesses in the design chart do not include conductor overplating with 


metals other than copper. 

‘TROUBLESHOOTING OF LAMINATE PROBLEMS 

96, Need for Traceability It is impossible to build circuit boards in any quantity without 
having some difficulties that will be blamed principally on the copper-clad laminate 


TABLE 2.23 Dissipation Factors 


Dissipation factor, at 1 MHz, under 


FRS 
Polyimide 


cr 


Gx 0.002 

Polystyrene 0.00012 0,00025* 0.00012 0.00066" 

Cross-linked polystyrene 0.0004 _0.0005¢ 0.0005 _0,0005+ 
“Condition A, 10 MHz 


Condition A, 10 GHz 
TABLE 2.24 Dielectric Constant and Dissipation Factor of 
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material. Too often, the base material appears to be the cause of trouble when actually the 
fabrication process is out of control. Even a carefully written and executed laminate 
specification will fail to specify the tests necessary to help identify the laminate as cause of 
or contribution to a process problem. Listed in this section are some of the most common 
laminate problems and how to recognize them. 

Once a laminate problem is encountered, it should be considered for addition to the 
material specification. Often the addition, if not made, allows continuing variations and 
subsequent rejections. Usually any material problem traced to laminate variations will 
load batches manufactured by the laminator. Few 
users keep records extensive enough to permit identification, in any processing area, of a 
particular press load or batch of material. So usually the boards continue to be manufac- 


occur in discrete raw material or press 


37. 


Possible Causes 


CURRENT, AMP 


1. Unelad surface too shiny because 
release films have imparted a very dense, 
smooth surface. 

2 Mold release not removed by laminator, 
‘usually on unelad side of laminate. 

3. Pinholes in copper cause resin toflow 
and deposit on copper surface; usually seen 
on foils thinner than % oz. 

4. Excessive antioxident compound 
placed on copper surface by the copper 
source. 


5. Change in resin system, release films, 
or brushing method by laminator, 


6. Excessive fingerprints or oils due to 
improper handling. 


CONDUCTER WIDTH, IN 


7. Machine oils from punching, blanking, 
or drilling operations. 


‘38. Appearance Problems 


POSSIBLE DETECTION: Visual. 


Possible Causes 


1. White checks or spots on surface before 
Pressing o alter etching (glss-base 
s). 


CONDUCTOR CROSS SECTION — 1 X 1073 IN? 
Fig. 223 Conductor cross section and current capacity. 


tured and loaded and, for example, warpage in the solder pot continues and a large 
amount of labor and expensive components are lost. If the load number i: 
mown, the laminator can check resin batches, copper lots, cure cycles, ete. If, that is, the 
user does not provide continuity with the lami 
Jonu run penalizing himself. The common problems associated with base material in the 
fabrication process are discussed in the following sections. 
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immediately 


inator’s quality control system, he is in the 


Surface Problems 
INDICATED BY: Lack of ink adherence, lack of plating adherence, inability to etch 
certain areas, and inability to solder certain areas. 

POSSIBLE DETECTION: Usually made visible by water patterns formed on the board 


Possible Cures 


‘Suggest laminator use textured films or 
other release materials, 


Contact laminator for mechanical or 
chemical removal methods, 

Contact laminator to check offending cop- 
per lots; ask for recommendation of sol 
vent method of resin removal. 

‘Ask laminator for removal procedure, 
Usually, Hel followed by mechanical 
removal methods will be recommended. 
Work with laminator and establish user 
testing before any change is made in lami- 
nate manufacture. 

Educate personnel in all phases of the 
process to handle copper-clad with 
gloves, Check to make sure laminate is 
properly interleaved or bagged in transit 
and that the interleaving paper has low 
sulphur content or the bags are free from 
contaminants, Make sure no personnel in 
contact with copper-clad are using lotions 
that contain silicones, 

Degrease all boards before plating or 
image-transfer process. 


INDICATED BY: Wide laminate color variances, surface color variances, spotting on 
Surface or internally, films of various colors on the laminate surface. 


Possible Cures 


In the extreme case, this is caused by a 
resin-starved surface leaving the glass 
cloth exposed, which today is rare. More 
commonly seen are microblisters or 
‘small white voids on the surface, They are 
due to a reaction of the glass cloth finish to 
the resin systems. Boards with a large 
degree of glass cloth exposure sometimes 
undergo a degradation in surface resistiv- 
ity with an increase in humidity. How- 
ever, boards with microvoids or small 
blisters usually exhibit no such degrada- 
tion and the problem is strictly one of 
cosmetics. Work with the laminator to 
avoid recurrence and establish an internal 
standard on acceptability of microblisters. 
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Possible Causes 


2. White mottled surface after processing 
or a large change of glass cloth exposure. 


3. White film on surface after processing, 
particularly soldering, indicates mild resin 
attack or foreign deposit. 


4. Color variance in base material is 
outside acceptable cosmetic mnge. 


5. Brown or mottled brown appearance in 
base material caused by overheating the 
Jaminate. 


39. Machining Problems 
INDICATED BY: Inconsistent punching, shearing, drilling, lack of plating adherence, or 
irregular plating in the plated-through holes. 
DETECTION: Incoming inspection to test any critical machine operation and regular 
sectioning of incoming laminate after the plated-through-hole process, 


Possible Causes 


1. Variance in material cure, resin content, 
or plasticizers can affect drilling, punching, 
and shearing of the material. 


2, Poor drilling, punching, or shearing 
techniques can give poor or irregular 
fabrication results. 


3. Too much time in the preheating cycle 
prior to punching or drilling can sometimes 
affect the laminate cure. 


4, Aging of material, principally 
phenolics, sometimes results in plasticizer 
Teaving the material, which makes the 
material more brittle than normal. 


Possible Cures 


Most instances of glass cloth exposure 
after processing indicate a solvent attack 
that removes some of the surface resin. 
Check all solvents and plating solutions 
with the laminator, particularly the time 
and temperature in each, to ensure that 
they are compatible with the laminate 
used. Follow the laminator's recommen- 
dation whenever possible. 

Check with laminator to ensure that flux 
used is compatible with his material. 
Check for possible process steps in 

which minerals or inorganics could be 
deposited. Use demineralized water 
whenever possible. 

Work with laminator to ensure that any 
major laminate construction or resin 
change which affects color is approved by 
the user before the change is made. Some~ 
times excessive copper alloy transfer will 
affect color. Work with the laminator in 
establishing the acceptable cosmetic 
range. 

Check the dip-soldering operations, sol- 
der temperatures, and dwell time. Check 
also for hot components on the board or 
overall board temperature environment. 
Ifthe latter is in the upper tolerance range 
of the laminate being used, browning can 


occur. 


Possible Cures 


Work with laminator to establish tests to 
simulate the final machinability require- 
ments, Production dies should not be 
used, or wear and change will affect the 
results. In any machining variance prob- 
lem, the laminate is suspect only if the 
problem is coincident with a change in lot 
or batch of material. 

See Chap. 5 for fabrication recommenda- 
tions of the various types of laminates. 
Contact the laminator for specific speeds, 
feeds, drills, and punching temperatures 
ofeach grade. Remember that each manu- 
facturer uses different mixes of resins and 
base materials and that recommendations 
will vary. 

Preheat laminates cautiously. Take care to 
find any hot spots, such as under heat 
lamps, and use the first-in, first-out princi- 
ple when putting the material under heat. 
Check with the laminator to get aging 
characteristics of his material. Rotate the 
inventory so stock is generally fresh. Be 
sure to investigate possible overheating 
while in warehouse storage. 


40. Warp and Twist Problems 
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INDICATED BY: Warp and twist in the base material either before, after, or during 


process. 


also can be indicated by tilting of the holes after soldering. 


DETECTION: Possible solder-float tests on incoming inspection; the 45° incline solder 


test is particularly effective. 
Possible Causes 


}. Material warped or twisted upon 
receipt or after sawing or shearing—usually 
by improper laminating, improper 
Shearing, or unbalanced construction in the 


Taminate. 


2. Warpage can also be caused by 
improper storage of material, particularly 
laminates, so that the material 

tikes a bow or set as it sits on edge. 


3, Warpage caused by unequal copper 
‘cladding, such as 1 oz,0n one side and 2.0z.0n 
the other, unequal electroplating, or a 
particular board design which will cause 
Copper or thermal stressing. 


4. Improper jigging or holding when 
soldering, Heavy components also can cause 
warpage during solder operations. 


5. Shifting or tilting of holes in material 

processing or soldering caused by 

improper cure of the laminate or stressed 
glass construction of the base material. 


41, Laminate Measling or Delamination 


Possible Cures 


Straighten material by hand or stress 
relieve in an oven according to the lami- 
nator’s recommendations on rake angle 
and material temperature for shearing 
operation. Work with laminator to make 
sure materials with unbalanced base 
material construction are not used, 

Store the material flat in the shipping car- 
tons or at an angle such that the material 
lies flat against the storage rack, Material 
should usually be placed at an angle of 60° 
or less with respect to the floor. 

Work with the laminator to eliminate une- 
qual cladding. Analyze electroplating and 
stressing or localized stresses caused by 
heavy component placement or copper 
areas. Redesign the boards with the bal- 
ance of components and copper areas in 
mind. Sometimes boards laid out with 
most traces on one side perpendicular to 
the traces on the other will undergo une- 
qual thermal expansion causing twist; 
eliminate that type of layout whenever 
possible, 

Boards, especially paper-base materials, 
must be jigged during solder operation. In 
some cases heavy components must be 
compensated for with special jigs or 
fixtures. 

Contact the laminator for any recom- 
mended posteures available. In some 
cases, the laminator may recommend a 
different laminate for more critical or spe- 
cialty applications. 


INDICATED BY: White spots or checks on the surface or in the material, either localized 


or over a large area. 


POSSIBLE DETECTION: Proper solder-float test. 


Possible Causes 


1. Large blistered areas upon soldering, 
‘caused by moisture or volatiles pressed into 
the material. Cause can also be poor 
machining practices that delaminate the 
laminate so that it absorbs moisture during, 
the wet processes, 

2. White checks or measling that occur 
during soldering can be caused by 
[balanced laminate construction, improper 
laminate cure, poor stress relief of the 
Jaminate, or lack of ductility of the plated 


Possible Cures 


Notify the laminator of the lot involved so 
the problem may be isolated, Use recom- 
mended machining practices on all 
materials, 


‘Contact the laminator for instructions on 
how to stress-relieve boards before dip- 
soldering. Storage of boards for a period of 
time in high humidity can cause excessive 
moisture which will affect solderability of 
boards. Prebaking of boards and preheat- 
ing of boards before soldering operations 
to minimize thermal shock can help either 
of these problems. (See Chap. 21, on mul- 
tilayer materials, for data on moisture 
absorption of stored circuit boards.) 
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Possible Causes 


3. Fiber exposure or heavy measling 
during soldering operation caused by 
excessive exposure to solvents which soften 
the resin, particularly chlorinated solvents. 

4. Large components or terminals set 
tightly can cause excessive stress in the 
material under heat. The effect is measling 
around that particular area. Stressing, 
flexing, or bending the material during or 

ly after dip-soldering also causes 


measling, 


42. Bond Strength Problems 


Possible Cures 


Work with the laminator on best solvents 
and application times. Be sure all wet pro- 
cesses, particularly solvent, are 

when materials are changed. 


Loosen tight terminals in the swaging 


” operation and remove any heat sinks or 


heavy components before dip-soldering. 
‘Check maching operations, particularly 
punching, to ensure measling is not minor 
delamination caused by the operation. 
Ensure the material is properly jigged and 
not stressed when hot. Do not quench in a 
cooler flux remover when hot or under 
stress, 


INDICATED BY: Pads or traces lifting in the process of soldering operation. 
POSSIBLE DETECTION: Adequate testing during incoming inspection and careful moni- 


toring of all wet processes. 


Possible Causes 


1. Pad of trace lifting in the process may 
be caused by plating solutions, solvent 
attack, or copper stressing during the plating 
operation, 


2. Punching, drilling, or piercing can lift 
portions of the pads. This will become 
apparent in the plating through operation. 


3. Pad or trace lifting in the wave- orhand- 
soldering operation is usually caused by 
improper soldering techniques or 
temperatures, Sometimes poor initial bond 
in the laminate or poor hot-peel strength will 
contribute to pad or trace lifting. 


4, Occasionally the layout of the board: 
will cause pads or traces to lift in the same 
areas. 


5. Rentention by components of heat 
absorbed in the soldering operation can 
cause lifting of pads. 


43. Miscellaneous Soldering Problems: 


Possible Cures 


Give the laminator a complete list of sol 
vents and solutions used, together with 
times and temperatures in each step. Ana- 
lyze plating process to see if copper 
stressing and excessive thermal shock are 
occurring. 

Careful adherence to machining methods 
recommended later in this book and regu- 
lar sectioning of plated-through holes can 
control this problem. 

Most pad or trace lifting is caused by lack 
of personnel education. Failure to check 
solder pot temperatures or extended 
dwell time in the solder pot can be the 
cause of lifting. Pad lifting in the hand- 
soldering touch-up operation is a matter of 
using the prose ere re and of edu- 
cation in the jique. Some lam- 
inators now analictare grades which 
have increased peel strength at elevated 
temperatures for critical soldering 
applications. 

If the board layout causes lifting to occur 
at the same point in each board, the board 
must be redesigned. This will be true, 
generally, in areas of heavy copper or on 
traces with right angles. Sometimes it may 
‘occur on long traces because of the differ- 
ence in the coefficient of thermal 
expansion. 

Whenever possible, remove heavy com- 
ponents from the board entirely or add 
them after the dip-soldering operation. 
Careful technique with a low-wattage iron 
will generally result in less prolonged 
heat to the base material than if the com- 
ponent were dip-soldered. 


INDICATED BY: Cold solder joints or solder joints with blowholes. 


POSSIBLE DETECTION: Regular sectioning of 


holes before and after dip-soldering to 


indicate copper stressed areas and incoming inspection of raw material. 


Possible Causes 


1. Blowholes or cold solder joints are seen 
atthe the soldering operation. In many 
poe Dene tectinsae techniques followed 
eacpension g ig operation 
Ty capenson do Llomoles inthe wall of 
the plated-through hole. Ifthis occurs during 
the wet process, volatiles can be absorbed, 
‘over, and then driven off under the 
eet dipsoldering which will create 
‘emters or blowhol 


Excessive Dimensional Changes 
Oe NDICATED BY: Material out of tolerance or registration after fabrication or soldering. 


POSSIBLE DETECTION: Adequate quality control during processing. 


Possible Causes 


I. No attention is de peld to the grain 
direction of pape: materials; expansion 
with the grain is apptieee st bal that of across the 
grain. Also, the material does not retum to its 
‘original dimension after cooling. 

2 Localized stresses not relieved in the 
Iuminate will sometimes cause irregular 
dimensional changes during processing. 
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Possible Cures 


Work to eliminate copper stressing (see 
the Plating section of this book), Expan- 
sion in the = axis or thickness direction of 
the laminate is usually a function of the 
material and can contribute to fracturing, 
of plated-through holes. Work with the 
laminator to get his recommendation on 
materials which expand less in the = axis. 


Possible Cures 


Educate fabrication personnel to always 
cut boards so the grain runs in the same 
direction. If the dimensional changes can- 
not be tolerated, consider changing to 
glass-base materials, 

Contact the laminator for his reeommen- 
dations on how to stress-relieve the mate- 
rial before processing. 
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INTRODUCTION 


The electrical circuit components and mechanical hardware used in printed wiring 
Assemblies vary in both type and shape, Fig. 3.1, Often the selection of such components 
is limited by specification, availability, and/or cost. However, many commonly available 
components, such as resistors and capacitors, can be obtained in several configurations, 
which allows the printed wiring designer some freedom in selecting or specifying the 
component size, shape, and configuration. 

The following text discusses the basic features of printed wiring components and 

ware and provides guidelines for their selection. 
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COMPONENTS 


1. Selection Criteria In order to design an effi al assembly, the printed 
wiring designer should take into account the following component selection criteria: 

a. Component Size and Shape. Profile (the height above the printed wiring mounting 
surface) and printed wiring mounting area are initial considerations to be applied to all 
cireuit components. The parameters govern the placement and density of components on 
the board and the mounting relation among boards installed side-by-side within an 
equipment. 


Fig. 3.1. Printed-wiring components and hardware (Winchester Electronics, Oakville, Gonn.). 


b. Lead Size and Spacing, Lead size and shape are key parameters affecting printed 
wiring board layout and assembly. Lead size is a prime factor in determining hole size 
(both drilled and plated) and terminal area size. These in turn relate with lead spacing to 
determine allowable conductor-routing path locations. 

cc, Mechanical Tolerances. Proper tolerances on size and shape (for both the component 
body and its leads) are important to assure that the board and components can be 
assembled cost-effectively and with a minimum of difficulty, For components with 
flexible leads, tolerances on lead size and location are not normally troublesome, although 
assembly time may be more than that associated with rigid leads. The relative magnitude 
of this consideration also depends on the assembly method used, because compensations 
that can be made during manual assembly are not possible with high-speed automatic 
ssembly equipment. 
d. Component Mounting. Whether the component is self-supporting, has built-in mount- 
ing provisions (i.e., threaded inserts or studs), or requires special mounting hardware 
(such as clamps or clips) is an important consideration. A general rule of thumb is that 
components weighing %4 oz or more per lead should have a mechanical means of support 
to ensure that the lead-termination joint is not relied upon for component support. 

¢, Thermal. The heat-dissipation properties and provisions of a component are some- 
times of significant interest. When small quantities of heat are involved, radiation of he: 
from the component body and/or leads and conduction of heat through leads and mount- 
ing brackets, lugs, ete. are usually sufficient to maintain correct operating temperature 
When larger amounts of heat are to be dissipated, heat sinks can be used with most 
components to remove heat more efficiently. 
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2, Circult Components 


q. Axial-Lead Components. Perhaps the most common type of printed wiring component 
js the axial lead component, Fig. It usually is cylindrical in shape and has a lead 
sxiting from each of its ends along its neutral axis. The lead is usually round in ero 
exetion: the body is most often formed by molding or dipping; and axial-lead components 
tre the type most suited for automatic insertion. Many resistors, capacitors, and diodes are 
supplied in this configuration, : es 

b, Radial-Lead Components, Radial-lead components are used in many printed wiring 
assemblies. This type of component has all of its leads exiting from a common side of the 
somponent, The actual body shape is variable; two common types of radial lead compo- 
nents are dipped capacitors and transistor TO cans. 

¢. Multiple-Lead Components. One of the major advan 
structure for component mounting and interconnection is the suitability of the structure 
for use with multiple-lead components, usually integrated circuits (ICs). Multiple-lead 
components are packaged in several sizes and shapes each of which dvan- 
tages and disadvantages when compared with the others. 


wes of using a printed wiring 


Fig. 3.2. Axial-lead component. 


tions. 


9. Multiple-Lead Components: Circuit Design Considet 


a. Package ‘Types 

1. One of the smallest of the presently e: 
flat pack, Fi: The body of such a component can be a 
and ‘2 in thick. The component leads are normally flat ribbons mounted on 0,050-in 
centers. Flat packs are presently av ble with up to 50 leads. 

2, An outgrowth of the radial-lead transistor can is the multiple-lead can. This type of 
component consists of a hermetically sealed can with up to 12 round leads exiting from 
the bottom of the device (usually in a circular pattem). 

3, The dual-in-line (DIP) type of multiple-lead component, Fig. 3.4, closely resem- 
bles a large flat pack with its leads formed at a right angle after they exit from the 
component body. DIP leads exit from the body in a ribbon form but are usually shaped 
into a V or reduced in size prior to entering the printed wiring mounting hole. The DIP 
body can be plastic or ceramic, DIP devices are presently available with up to 50 leads on 
0.100-in centers, 

b. Package Selection. Some major considerations for the selection of a multipl 
ration are the following, 

1, Cireuit speed has a dominant influence on the size, spacing, and tolerances 
associated with multiple-lead packages. Circuit conductor lengths and layout relations to 
other components become critical at speeds of 10 ns and faster. 

2. Reliability, serviceability, and environment dictate the need for device hermetic- 
ity and ruggedness, and they affect lead configuration and suitability for soldering, 
welding, or bonding as well. The component mounting method also is dictated. 

3. Quantity usage, especially production, determines the degree of assembly tooling 
and mechanization to be used. Some devices are better suited for high-volume or 
Mechanized applications than others. 


ad component types is the 
s small as % in wide, %4 in long, 


isting multiple-| 


Jead- 


Flat-pack multiple-lead component. 


Fig. 3.4 Dual-in-line component. 


3-4 Engineering 


4. Printed board area usage greatly affects the number of ICs per board assembly and 
quite often the number of assemblies in an equipment. Close multiple-lead-component 
spacing affects terminal area size, conductor size, conductor spacing, number of conductor 
layers, and overall fabrication tolerances. Lead spacing also affects those selection 
parameters. 

5. Heat-dissipation characteristics of the package and package suitability with heat 
sinks must be considered. High component densities readily create hot spots even though 
heat dissipation per component may appear to be minimal. 

¢. Board Layout Considerations. The following general considerations should be taken 

into account when printed wiring assemblies with multiple-lead components are 
designed: 

1. The physical dimensions of the multiple-lead component 

2. The limitations placed on the board layout area by mechanical or electrical 
requirements 

3. Fabrication restraints and/or requirements affecting hole 

4, Terminal area size, lead forming, and lead clinching 

5. Distribution buses for ground and voltage(s) 

6. Artwork size, registration, and tolerances 

7. Photography, glass master, and/or screen registration tolerances 

8. Registration tolerances for board screening, etching, plating, drilling, and/or 
punching 

9, Automatic, semiautomatic, and manual component insertion tolerances and 
restraints 

10. Component dimensions and tolerances 


ze and spacing 


4, Adjustable Components Adjustable components (usually resistors) are common to many 
printed wiring assemblies. These devices meet the description provided for radial-lead 
components but have the additional provision of an adjustment screw. Access to the 
adjustment feature can be via an exposed edge of the printed board, when a right-angle 
adjustable component is used. Access to the adjustment 
feature not on the exposed edge of the printed wiring 
assembly is achieved with the straight-through type of 
component. 


5. Sockets Some printed wiring applications call for the 
frequent insertion and removal of some or all circuit com- 
ponents. Printed board component sockets have been 
developed for that reason. There are appropriate sockets 
for almost all printed wiring circuit components, includ- 
ing those for DIPs, Fig. 3.5. 


6. Bus Bars Board bus bars are constructed with two or 
three copper conductors (usually tin- or tin-lead-plated) 
laminated together with a thin dielectric separator. The 
exterior is generally covered with a plastic barrier material 
to prevent accidental shorting. The dimensions of the bars 
depend on their positions on the board. Bus bars that 
mount under DIPs are slightly less in width than the pin 
spacing. Bars that stand vertically have widths corre- 
sponding to the maximum height of mounted components. 
Bar length is determined by circuit board dimensions. A 
typical bus bar configuration for mounting under DIPs is 
shown in Fig. 3.6. 


7. Miscellaneous Component Types There are many other 
types of printed wiring components which have both elec- 
trical and mechanical functions; among them are standoff 

Fig. 3.5 Multiple-lead sockets. _ terminals, relay cans, and switches. 
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|NTERCONNECTION DEVICES 
One of the major advantages of using printed board structures, as oppo: ed to other types of 
component mounting and interconnecting methods, is ease of maintainability through 
plug-in usage. Board connectors consist of the following types for almost all applications: 

1. One-part (card edge) 

2. Two-part (plug-and-receptacle assemblies) 

Discrete contact (plug and/or receptacle) 
One-part board connectors, the most common type, use one edge of the printed board as 

slug dielectric and printed and plated conductors as the contacts. The other half of the 
connector is usually an assembly of mating contacts in a cl mounted receptacle 
assembly, Fig. 


Fig. 3.6 Typical bus bar configuration (General Atronic Company). 


Fig. 3.7. Chassis-mounted receptacle assembly, 
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‘Two-part board connectors consist of self-contained multiple-contact plug-and-recepta~ 
cle assemblies. Usually, although not always, the plug (male) contact assembly half of the 
connector mounts to the plug-in assembly (Fig. 3.8a) and the receptacle (female) half of 
the connector mounts to an interconnection wiring panel (mother board) or plate (Fig. 


3.8b), 


Fig, 3.8 (a) Two-part connector, printed board assembly (with plug half); (b) two-part connector 
(receptacle half), . 


The three basic disa 
follows: 
1. Connector location is usually limited to one edge of the board assembly 
2. The direction of insertion (plug-in) of the board assembly is usually limited. 
3. The plug and/or receptacle halves are usually limited to a specific number of 
contacts based on the chosen connector. 
When those disadvantages cannot be overcome by acceptable restraints on the design, 
the use of discrete (plug and/or receptacle) contact connectors is recommended. 


vantages of using one-part and two-part board connectors 3 


8. Contact Types In addition to the three major distinctions among printed wiring connec 
tors just described, a secondary description of a connector relates to the contact types. The 
most common printed board connector contact types (Figs. 3.9 and 3.10) are: 

1. One-part: 

a, Bellows contact (Fig. 3.94) 

b. Tuning fork contact ( 
Cantilever contact ( 
‘Two-part discrete contact 
Pin-and-socket contact (Fig. 3.104) 
b. Blade-and-fork co: 
c. Hermaphroditic contact (Fig. 3.10b) 


9. Termination Types The one-part connector and the non-plug-in half of the two-part and 
discrete-contact connectors are available in several termination types. 

@, Solder Terminations. For solder termination interconnection wiring the connector 
can be soldered directly to a (mother) board by hand-, wave-, or dip-soldering. 

When discrete hook-up wiring is to be soldered to the contact terminal, various eyelets, (b) 
tabs, and tongues are used. An example is shown in Fig. 3.11. 


Two-part connectors: (a) pin-and-socket contact; (b) hermaphroditic contact. 
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b, Solderless (Crimp) Terminations. Many discrete wire hook-up terminations are made 
to printed board connectors with the crimp method. Crimp terminations are made by 
either crimping the bared portion of the hook-up wire to the contact portion of the 
connector or to a tab or pin which mates with the contact terminal. In the former instance 
the wire becomes a part of a connector assembly; in the latter instance the crimped tabs 
become a part of the interconnection wiring hamess. 

c. Solderless (Mechanized) Terminations. Increasing in popularity are solderless printed 
board connector terminations made by numerically controlled automatic and semiauto- 
matic machines and hand guns. In these applications the connector terminal is usually a 
solid-metal rectangular-cross-section post. The connection between the post and the 
hook-up wire can be made by tightly wrapping the bared portion of the wire around the 
past (olderless wrap), as in Fig. 3.12 or by restraining the wire against the post using a 
suitable clip. 


. 10. Specifications and Standards for Connectors Although there are many specifications 
and standards pertaining to most aspects of printed boards, there are few specifications 


Fig. 3.11 Solder eyelet contact terminal, 


and standards covering printed board connectors. The latter are covered briefly in the 
following paragraphs. 

a. ANSIC 83.88 (IPC-C-405A/EIA-RS-406; General Document for Connectors, Electric, 
Printed Wiring Board). Document ANSI C 83.88 defines the recommended require 
ments for multiple-contact electric connectors for the purpose of (1) adapting electric 
conductors to pritited boards and (2) interconnecting one printed board to another. It is 
intended that only the requirements that apply to a particular application need be tested. 

For the benefit of designers and engineers who will use it, document ANSI C 83.85 
provides a checklist, Table 3.1, to help in determining the exact requirements of a printed 
board connector. The four classes of connectors are described in Table 3.2. 

b. MIL-C-21097 (Connectors, Electrical, Printed Wiring Board, General Pur 
pose). Specification MIL-C-21097 covers multiple-contact connectors for he-, 
%2-, and %-in printed boards and for interconnections between printed boards. The 
connectors are intended to provide a reliable connection between printed and conven- 
tional wiring. The interconnections are intended to provide connection of printed wiring 
‘on one board to printed wiring on another board. 

‘The supplement to this specification contains information concerning specification 
sheet connectors in accordance with the requirements of this specification. The basic 
details of MIL-C-21097 specification sheet connectors are listed in Table 3.3. 

c. MIL-C-55302 (Connectors, Printed Circuit Subassembly and Accessories). 
Specification MIL-C-55302 covers connectors (plugs and receptacles) for printed circuit 
subassemblies and their accessories for use with single-sided printed wiring, double- 
side printed wiring, and multilayer printed wiring conforming to MIL-STD-275, MIL-P- 

55110, and MIL-P-55424, respectively. 

The supplement to this specification contains information concerning specification 
sheet connectors in accordance with the requirements of this specification. The basic 
details of MIL-C-55302 specification sheet connectors are listed in Table 3.4. 


Fig. 3.12 Solderless wrap termination, 


TABLE 3.1_ Checklist for Printed Board Connectors 
mae Eero Emer 
“Application: (A brief description of usage, include environmental exposure and temperature ranges.) 


a I; One-piece connector, dual or single read-out contacts, that make direct electrical and 
mechanical contact with the printed wiring board. 
‘Type Il: Two-piece connector, dual or single read-out contacts, that mounts directly onto the printed 
wiring board. Each half of the connector is then mated to the other. 


Clase (See Table 1): 
Method of Mounting (Where Applicable) 
cosh hole ‘Genenal— 
“Threaded bushing Contact spacing. 
¢ bushing 
Mounting bracket No. of contact position: = 
Force fit No. of contacts____ =F 
Max. current. a > 
Max. mV drop at 1 A 
‘Type of termination — = = 
Wire siz Z ee 


Size: (board thickness) = A 
Material: 
Required life 
Number of mating cycles 2 ? 
List any limitations on envelope dimensions Se 
Polarization 
In position 
Between positions 


References: 
Dielectric material 


Special requirements: 


EE 


TABLE 3.2 Four Classes of Printed Wiring Connectors 


3 Class 1 Class I Class IL Class IV 
‘Temperiture rating =65to0 +150°C  -65t0 H2FC —--55to +105'C —_—BS to +85°C 
Peace voltage at 50,000 ft 50,000 ft Not applicable Not applicable 
Insulation resistance 10,000 MQ ini- 2000 MQ initial, 1000 MO initial, 500 MQ initial, 
tial, 5000 MQ = 1000 M@ after —-250 MM after 100 MQ. after 
after testing testing testing testing 
Durability 500 cycles cycles 100 cycles 10 cycles 
‘Vibration 5-200 Hz at 55-2000 Hzat 15 5-500Hzatl0g 5-55 Hz (0.06- 
20g s in double- 
amplitude 
total 


excursion) 
Humidity 90-95% 90-95% @4IVC — 90-95% @4O'C 90-95% 
Mechanical shock 96h 96h @ 40°C 24h 
50 g(11 ms) 30 g (11 ms) 30 g (11 ms) 15 g (11 ms) 
Contact wear evaluation 3% sult solu- 5% salt solution Not applicable Not applicable 
Fie tion for 48h for 48 h 
ntact resistance at 10 Ma 25 Ma 50 MO. 


—65 to +125°C 


10 Ma Not applicable Not applicable 
Shall be Shall be Not applicable Not applicable 


— identified identified 


55 to +105°C ~55 to +85°C 
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HARDWARE TABLE 3.4 MIL-C-55302 Specification Sheet Connectors 
For obvious reasons, circuit components and interconnection devices perform a vital z 


function. Often the function of support hardware, ie., board mounting, component Connector type in Number of contacts contacts 
mounting, etc., is not as obvious but is almost as vital in determining the effectiveness of = eRe 7 
the application of the printed board assembly. ee a ae et 
3 Pin, straightthrough 
Pin, right-angle 0.100 9, 17, 25, 33, 41 2 
TABLE 3.3 MIL-C-21097 Specification Sheet Connectors Tee 
Contact 6 Socket, straight-through 
centers, Rows of 0.100 13, 25, 37, 49, 61 3 
No. ‘Type in Number of contacts contacts Fa ccna anak 
1 A and AD—receptacle, 0.156 6, 10, 12, 15, 18, 20, 22, 28, 142 @ Male, right-angle 0.200 23 2 
card insertion 30, 36, 43, 44, 56, 72, 86 10_Female, straight-through 
2 cR— 0.200 12, 15, 18, 22, 26 1 12 Plug, straight-through 0.150 31 2 
H 3 CS—plug 13_ Receptacle, rightangle nf 
i 4 CR—receptable 0.200 17, 23, 29, 35, 41, 47 2 - Beagenl ee 4 
\ adapte 15 Ree Re 
- 16 Pin, right-angle 0.200 7,9, 11, 15, 19, 23, 37 2 
6 D—receptacle 0.156 6, 10, 12, 15, 18, 22 1 17 Socket, straight-through 
7 C—male adapter 18 Pin, straight-through 
8 D—receptacle 0.156 15, 22, 30, 43 2 19 Pin, rightangle 0.150 41 2 
{ 2 Din, imp 20 Socket, straight-through 
ip 21 Pin, rightangle 0.100 92 3 
13 GRreceptacle 0.200 17, 23, 29, 35, 41, 47 2 a 
4 CS—male adapter B Pow 075 Decade increments 10 though 120 150,160,160 2 
4 - awe 25 Receptacle 0.075 _ 120, 150, 160, 180 2 
imp contact 
Ww CR—solder contact 26 Plug 0,100 30 through 110 2 
18 removal tool Ee eee eee eee ee ae 
19 CR—blade simulator = = Receptacle 0.156 7, 11, 15, 19, 23 1 
20 AD—receptacle, card 0.050 12, 14, 16, 18, 20, 22, 24, 26, 2 Ste 
insertion rrp ar Sab malas % fecetate Tiger * 
21 Aand AD—receptacle 0.156 6, 10, 12, 15, 18, 20, 22, 28, 42 B_ Plog 
card insertion 30, 36, 43, 44, 56, 72, 86 AL Receptacle 0.156 7, 11, 15, 19, 23 1 
42 Receptacle 0.200 11, 17, 23, 29, 35 2 
11. Board-Mounting Hardware A wide variety of hardware exists for Behe printed ofl 0.100 14,28 2 
; board assembly in the end-product equipment; the range is from complete packaging mmm eae ee 
| systems, Fig. 3.13, to individual board hardware, Fig. 3.14. Between the extremes there is ie 3 0.100 28, 56 2 
1 hardware for locally mounting a group of assemblies, such as the stacking-spacing hard- 
ware shown in Fig. 3,15. The exact hardware to be used for a specific application depends 4 Pin 0.100 56, 112 
on factors too numerous to mention here, but the broad selection that is available assures pot ee 
suecess in finding the proper board-mounting hardware for nearly any possible : Receptacle, straight-through 0.100 18, 30, 36, 42, 54, 72 2 
; requirement. 3s meee 
S Plug 0.100 Decade increments 10 through 70 
; ments 
| 42. Component Mounting The shock and vibration to which printed wiring mounted = ad Imtome dae postions 1 34 t4ant 26, 56,66 
. components are subjected during normal handling and environmental testing can damage BD Receptacle 
the lead terminations and lead-to-component body seals. For that reason many printed > Pi 
wiring mounted components, especially those weighing more than % oz per lead, should 6" Rew, 0.100 90, 100, 120 2 
a Bin ee camuenlyauet : See wont : Saree dn SE Pn Decade through 70 and 
assembly. more commonly component-securing met are: (a) clips, ps, fa 0.100 increments 10 70 2 
| and brackets; (b) wire and elastic straps; and (c) adhesives. Se intermedit postions 14,24, 4,54, and 26,6, 
q 4a. Clips, Clamps, and Brackets. The following are the basic requirements which should GF Receptacle = 
be adhered to when components are mechanically secured by clips, clamps, or SS Receptacle 


1. All clips, clamps, or brackets should be secured to prevent their rotation, as by 


i 


3-11 


3-12 Engineering Circuit Components 3-13 


Fig. 3.15 Stacking and spacing hardware (Richo Plastics, Chicago, Ill.) 


Fig. 3.13 Example of complete packaging system (Techmar Gorp., Los Angeles, Calif.) 


using two faste: or one fastener and a nonturn device. Holders designed for single- 
hole mounting should be capable of withstanding a 14 z. torque without rotating. 

2. Clamps and brackets which require removal in order to replace a component 
should be secured with a threaded or other nonpermanent fastener unless the subassem- 
bly in which they are used is considered to 
be disposable on nonrepetrable. Fig. 3.16 Component holder. 

3. Spring clips which need not be 
removed during component replacement 
may be secured with permanent fasteners 
such as rivets or eyelets. 

4. Spring clips should require their 
positive displacement in order for the com- 
ponent to be removed. 

5. The use of twist-type lugs, tabs, or 

ears and the clipping of glass envelope 
components should be avoided. 
Figures 3.16 to 3.19 show typical appli- 
ations for the use of clips, clamps, and 
brackets. for securing components to 
printed wiring. 

b. Straps. When an elastic strap is used 
for mechanical securing, the strap is 
wmpped over the component body and 
passed through holes in the mounting base, 
mple of individual board hardware When wire is used, it is clinched and 
(Richo Plastics, Chicago, Il.). soldered in the same manner as component 

leads to terminal areas. When wire is used 
with heat-sensitive or fragile components, the part of the wire that touches the component 
should be covered with a suitable sleeving. 

Smaller holes are used with elastic straps than are used with wire. The elastic strap is 
secured by being stretched to reduce its cross section below that of the hole, and it is Fig. 3.18 Clip-over mounting, 
retumed to its larger than hole size by relieving the tension after it has been passed 
through the hole. The resiliency of the strap holds the component in place. 


Fig. 3.17 Spring-clip me 
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c. Adhesives. Whenever possible, components should be secured by conventional 
means; when that is not possible, as in the case of oddly shaped components or when 
special support is required or when there are special design requirements (limited space, 
heat transfer, limited access, etc.), a suitable adhesive may be used. 


43.HeatSinks The increasing density of components on printed board assemblies and the 
use of higher-power components often necessitates the use of board-mounted heat sinks, 
Fig, 3.20. A heat sink must be considered as a complete thermal system. It consists of four 
elements: mounting hardware, interfacing materials to bring the mounting surface of the 
component into intimate contact with the surface of the sink, a surface coating of the metal 
heat dissipater, and the copper or aluminum thermal dissipater itself. Each element 
affects overall thermal efficiency, cost, and the frequency of maintenance of the heat sink 
systems. 

i‘ Heat sinks range in complexity from a simple, flat metal plate to which a heat-producing 
component is bolted to a system using thermal feedback sensors to control liquid coolant 
flowing through tubes surrounding the 
part. The difference between such therm- 
al dissipaters and the machined metal 
plate with fingers reaching into and cooled 
by the ambient atmosphere is that the 
latter is a passive system that protects a 
component from thermal destruction at 
the lowest economically feasible tempera- 
ture. 
For practical purposes, heat sink design 
must be a compromise. The ideal heat 
dissipater would encase the device to be 


Fig. 3.19 Component cradle riveted to Fig. 3.20 Board-mounted heat sink (Thermalloy 
mounting base. Inc., Dallas, Texas), 


protected in a spherically shaped metal mass consisting entirely of black needlelike 
protusions radiating directly from the thermal point source. That would provide the most 
efficient radiating area for a given volume. Although the ideal shape could not be mounted 
to any flat surface, practical coolers borrow the radial-fin structure from it. When heat sinks 
of equal volume are compared, the radial-fin coolers are more efficient radiators than are 
coolers with a series of parallel fins machined or soldered perpendicularly to the surface 
of the sink. The trade-offs in thermal efficiency, based on shape, are cost, ease of assembly, 
and installation. 


44. Test Points A printed board component which, unlike most others, does not perform 
an electrical circuit function is the test point. Test points do serve an important maintaina- 
bility function. This type of printed wiring component can be of the right-angle board- 
edge type, straight-through type, for local access, or the combination type. 
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INTRODUCTION 


The procurement of printed wiring (printed ciréuit) boards requires that three basic items 
understood and accomplished prior to the start of purchasing activity: 
1. Knowledge of the environment to which the boards will be subjected 
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2. Proper evaluation of the capabilities of the board fabricator 

3. Appropriate documentation which clearly defines the requirements of the product 
When the above have been properly assimilated, so that the documentation is complete 
and does not overspecify or underspecify the printed wiring product, the vendors who 
have been deemed capable of fabricating the particular board may be contacted to obtain 
competitive pricing. 

Printed board products run the gamut from the very simple single-sided variety to 
sophisticated multilayered versions. Within each category there are many variations. A 
board whose end-product use is to provide circuitry for a home entertainment product 
does not require the critical handling, testing, or protection that may be necessary for a 
board of similar complexity that will see service on a military ocean-going vessel. End- 
product service considerations make the difference in the cost of the printed board. Too 
many times in the past, vendor-user relations have been disappointing to both parties 
either because specifications for a board were too stringent and the cost was higher than 

or because the specifications were too loose and the product did not perform as 
required. Either failure has a detrimental effect on vendor-user relations. 

Just as many types of boards are required by the industry, so there are many types of 
fabricators. A board-procuring activity must understand that not every fabricator is capable 
of producing satisfactory results. That is not meant to imply that the capability scale goes 
in only one direction and the high-quality house is capable of making all of the various 
types of printed boards. The opposite is usually true. A fabrication facility that is geared to 
producing a high-reliability, high-quality product sometimes finds it difficult to compete 
in making a board that is less complex. 

With all those considerations to be taken into account, a company that requires outside 
services for the fabrication of printed wiring products must have knowledgeable person- 
nel assigned to the procurement of the products. 


1. Procurement Practices’ Historically, the printed circuit is most at home in the high- 
volume production field. There the economy and reproducibility permitted by the auto- 
matic and semiautomatic methods is a dominant factor. That leaves a great many military 
and industrial projects on the fringes. Although the crossover point varies with board 
design and specifications, between 500 and 1000 units is typical to justify design and 
procurement costs, Printed circuit vendors have developed some unique approaches to 
serve the manufacturer who needs half a dozen prototype boards or perhaps 500 units fora 
small project. 


2. Prototype Kits Starting with a single unit for a prototype or preprototype operation, 
several firms offer kits that can be used to make circuit boards from specially prepared 
materials. In addition to the actual material required, the kit normally includes several 
full-scale layout sheets to aid in designing the board. 

As might be expected, the kits reflect several approaches. For example, one company 
offers its kit in several sizes and a choice of laminate. Conductor runs are applied in the 
form of tape. Mounting holes are drilled where required. A different approach is one in 
which the boards contain holes preformed on a 0.100-in grid. The holes, and in fact the 
whole board, are plated. The desired circuit is either drawn with etch-resist or covered 
with tape and board-etched. 

These do-it-yourself boards can be very helpful, but most prototype and limited- 
production circuits do not lend themselves to the approach. To meet the limited-volume 
need, most manufacturers have established separate short-run and prototype departments 
or ordering procedures. Nearly all yendors acknowledge that some change in procedure 
must be made for the limited-volume order. Whether a separate department or just 
expedited handling and simplified paperwork is the best is something that the buyer must 
determine by contact with individual suppliers. 


3. Limited Production Quantities An innovation in the limited-production area is a semi- 
standard program to reduce the cost. The program is aimed at the 100- to 1000-board 
market. The quantity range offers some serious challenges in that it is too high for the 
production techniques often used for short runs but does not justify the cost of fixed 
tooling. The approach is to limit the selection of mechanical variations while offering full 
freedom of conductor and hole pattem design. Since in most cases that provides the 
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designer with all the freedom he needs, the required circuitry can be purchased in limited 
quantities at reduced price and with quick delivery. 


PURCHASING GUIDELINES 
Printed wiring poses some special problems because it is unlike electronic components. 
‘Although its function is primarily electronic, testing must be largely mechanical. 


n of Supplier For long-run, high-volume procurements an evaluation proce- 
eeccniier to marie MIL-P-35110 or MIL-P-55640 may be practical. Those specifica- 
tions require that preproduction samples be subjected to a comprehensive series of tests 
that, according to one supplier, “require two weeks and cost several hundred dollars. 
After the initial approval, at least one and possibly more samples per day (depending on 
volume) are given lesser tests. Such a program adds significantly to the cost of any 
procurement and is prohibitive for short-run commercial projects. Many buyers will find it 
desirable to trade off some of this “MIL” inspection against a vendor's reputation. 

In view of the complications, buying short runs by competitive bid may be overly 
expensive. More practical may’ be the procedure of selecting a vendor or vendors 
(depending on volume) to handle all orders for a fixed period. That will permit both a 
regular review of performance and good buying without adding excessive purchasing 
costs to each small order. It should be noted that the boards should be of a similar type. 

Since even with a rigorous test program a vendor's quality performance is hard 
ensure (the thorough tests are destructive), vendors should be selected with extra care, 
Printed circuits would seem to be an area in which the purchasing evaluation trip is 
particularly important. A plant visit permits the buyer and other members of the buying 
team to inspect the facilities and meet the people who will be responsible for the quality. 

Buying printed circuits does not require a radically different approach but does demand 
good procurement practices. The best buying tip for users is to purchase only what is 
required in design tolerances and parameters. Demands for tight tolerances much beyond 
‘operating requirements are unnecessary and only add to costs. 

Many designers and buyers seem to forget that printed circuits are primarily electrical 
components rather than mechanical parts and that the reliability of their electrical 
function is more important than extremely close mechanical tolerances. It is much harder 
to specify the processing and cleaning procedures necessary to produce printed circuits of 
high reliability. Since some of the conditions that may lead to unreliability may not show 
up until long after the circuit is in use, it is advisable to consider only manufacturers with 
long record and a reputation for the production of high-quality hoards. Buying on price 

can be extremely expensive in this field. 


5, The Make-or-Buy Question The make-or-buy question has been a hard one since printed 
wiring became an industrial reality. It is natural that many equipment manufacturers favor 
making, since the printed board replaces hand wiring done in their plant and so is unlike 
the traditionally purchased component. Many major firms currently supply their own 
Tequirements of printed boards, at least in part. Quite a number of others, however, either 
Hever made their own boards or have stopped making them. The economics of board 
‘manufacturing are complex, and there is no one best solution for all users. 

To evaluate this problem better, several printed circuit manufacturers were asked to 
Telate the major factors in the make-or-buy decision. Manufacturers are obviously biased 
in favor of a buy decision, but the comments are pertinent to making a sound evaluation. 

The major make-or-buy considerations are price, delivery, and quality. Unless an 
internal facility is set up to serve the needs of many divisions of a large electronic 
complex, there will be serious problems in meeting fluctuating requirements. If the 
internal facility is planned to meet the average yearly requirements anticipated, there will 

Serious delivery delays during periods of peak requirements and underatilization of 
quipment and personnel during slack periods. 

in a make-or-buy study conducted several years ago, shop-loading figures for six captive 

ilities were compared with those of an independent fabricator for a similar period. The 
fatio of minimum requirements to maximum requirements for the captives averaged at 
15. The independent fabricator’s ratio was 1:1.2. That verifies the suspicion that many 
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captive facilities find it necessary to solicit outside business during slack seasons to 
remain economically healthy only to find that they can’t compete with the independent 
printed wiring manufacturer in quality or service. 

The technical requirements brought about by advanced design and construction place a 
severe strain on the capital equipment budget of the new entrant into the field. The trend 
toward more complex boards and more specialized techniques makes it less attractive for 
companies to consider making their own circuitry. The days when a silk screen and an 
etching tank were enough to start a printed circuit department have long since passed. 


Capital equipment such as drilling machinery and plating controls is often obsolete in _ 


two or three years and must be amortized in a relatively short period of time. Those 
outside the industry are often unaware of that situation and plan on a payback period that 
either cannot be met or is met only by continuing to use outdated, inefficient equipment 
at increasingly uncompetitive costs. The printed circuit manufacturer with larger volume 
and a stable shop load can afford the shorter amortization period and still realize a profit 
on his capital. 

The board user faced with the make-or-buy decision must be able to determine his own 
costs accurately, because he is often deluded by understated overhead costs. Then 
unrealistic cost figures are arrived at, and they become the basis for his decisions. 

Quality is a major reason why many companies go into competition with their suppliers, 
In printed circuits, however, most firms are hard-pressed to match the independent shop. 
The basic reasons are closely related to the causes of the price and delivery problem. The 
captive is usually smaller and less efficient than the specialist. Because of those factors, 
neither equipment nor skills are the best available. Research on printed circuitry is the 
prerogative of the specialists and, of course, the large captive operations. 

Amore subtle attack on quality can affect even the largest captive shop unless it serves a 
very diversified company, and that is technical isolation. Within an operation 
usually is a tendency to employ as few basic packaging techniques as possible. Although 
that is often good economy, it can be very is unless there is constant “cross 
pollenization” with other operations. The independent circuit board producer provides 
an information exchange link. In the procurement of printed circuits, as of other compo- 
pees information is one of the most important services your vendors can 
provide, 


6. The Purchase Order and Legal Ramifications* It is neglect of duty of the worst sort to 
issue a purchase order for a printed board without (1) carefully investigating and evaluat- 
ing suppliers or (2) having meetings with the prospective vendor to discuss: artwork 
requirements, delivery, tooling, tolerances, and performance standards. 

When it becomes necessary for a court to construe the meaning of a word employed in 
the purchase order, the court refers first to a standard dictionary. Words used in connec- 
tion with a particular trade, however, are given the meaning attached to them by experts 
in that trade. A trade usage or custom that is known to the parties and prevails in the 
community where the contract is to be executed and performed is incorporated into the 
agreement by force of law. 

If there is a variance between the common standard English meaning and the legal 
significance of a word, the legal significance is adopted. When the words or terms used in 
the purchase order have a definite legal meaning, the parties will be presumed to have 
intended such words or terms to be given the effect that has been established by the 
courts, unless a contrary intention appears in the instrument. 

‘The law even permits an implication as to price, ifa price is not stated in the contract. If, 
through inadvertance, no price is established in the contract, the courts infer that a 
reasonable value was the price which was understood between the parties. 

‘The implications contained in a contract, even though not expressed in the writing, 
include an obligation on the part of both parties to avoid any act which will make it 
impossible for the other party to perform. 

If a question of interpretation of a purchase order is given to a court, the court will 
consider the whole instrument, if necessary, in order to reach a proper interpretation. A 
contract should be interpreted as a whole, and a meaning should be gathered from the 
entire context and not from scattered or isolated words, phrases, or clauses. It is the spirit 
rather than the letter of the contract which must control the interpretation. It is also the 
purpose rather than the name given to it by the parties which gives the contract its real 
meaning. Calling a purchase order a contract for sale on “trial or approval” does not make 
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itis, in fact, an absolute contract for sale. Calling the agreement a lease does not 
its ro if the legal effect of the words employed isto make it an outright sale. 
ator the general purposes are ascertained, the language employed will be construed to 
serve those general purposes and not destroy them. 


‘echnical Specification The following is an example of how a general printed board 
7, The Tecnniealiaht be written, It should be noted that this sample can serve for both 

sed nonmilitary boards. Table 4.1 of the sample specification has been left open- 
aT to allow for the continuous tabulation of additional board types. 


‘SPECIFICATIONS 


somple Specification ‘This specification defines platings used and pattem tolerances to 
fre met in the fabrication of single- or double-sided printed wiring boards. 
1. General Requirements: 
11. All notes and dimensions specified on the applicable drawing take prece- 
dence over this specification. 
12, Acceptance and rejection of plated-through holes shall be based on the IPC 


13. Cireuitry ‘on the board shall meet the solderability requirements of specifica- 
tion 652130. 


1.4. Workmanship requirements shall be as specified on the applicable drawing. 
2 Pattern Tolerances 
2.1. Class A cage 
2.1.1. Conductor patterns shall be positioned relative to the x and y datum 
lines so that the location of any terminal area shall be within 0,02 in 
diameter to the true position of the hole it circumseribes. 
2.1.2, rh sroduct line widths and terminal areas shall 
master dray 


2.2. Class B (er 

2.2.1. \ductor patterns shall be so positioned relative to the x and y datum 
lines that location of any terminal area shall be within Goro in 
diameter to the true ipastioe, of the hole it circumscribes. 

2.2.2. End-product line widths and terminal areas shall not vary more than 
+0. from the 1:1 dimensions of the applicable printed wiring 
master drawing. NOTE: The intent of paragraphs 2.1.1 and 2,2.1 is to 
satisfy the minimum annular ring requirements specified in para- 


' graph 3. 
3. Minimum Annular Ring Requirements: 
3.1. Boards required to meet MIL-STD-275 will be as follows: 
Application Minimum Annular Ring, in 
Unsupported (bare) hole 0.020 
Plated-through hole 0.010 
Flanged part mounted in hole 55 0.010 beyond flange projection 


3.2. Boards not required to meet military specification will be as follows: 
Application Minimum Annular Ring, in 


Unsupported (bare) hole 0.010 
Plated-through hole 
Flanged part mounted in hole 
4. Plating ‘Types 
A. All conducting surfaces plus the inside surfaces of holes designated as plated- 
through shall be plated with 0.0010 to 0.0025 in of copper having 99.5 percent 


purity. 

. All eautineins surfaces except contact surfaces shall be plated with 0.0005 to 
0.002 in of tin-lead plating having a minimum of 50 percent and a maximum 
of 70 percent tin. (Platedsthrou holes must have a minimum of 0.0005-in 
Allcoeast satin 

- All contact s s shall be plated with 0.0002 to 0.0004 in of low-stress 
nickel in accordance with Class 2 of QQ-N-290 plus 0.0005 to 0.00010 in of 
gold in accordance with Ty II of MIL-G-45204. (See Fig. Jo. 46, 

. All contact surfaces shall Be plated with 0.0005 to 0.0010 in of low-stress 
nickel in accordance with Class 2 of QQ-N-290 plus 0.00005 to 0.00010 in of 


0.005 
Not less than flange projection 
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Id in accordance with Type I] of MIL-G-45204. Roughness of the surface 
ria ok ta pisted contac seal ack ooo oe ae 
E, Bare copper shall be deoxidized and coated with a roller coat of flux, Inde- 
pendence Chemical Company roller coating flux Fl or equiealent 
F. All surfaces, Selene contact surfaces, shall be plated with 0.0002 to 0.0004 
in of low-stress nickel in accordance with Class 9 of QO-N-290 plus 0.00008 
to 0.00010 in cf gold in accordance with Type II of MI 5 
G. All surfaces, including contact surfaces, shall be plated in accordance with 
MIL-STD-275 with 0.0005 to 0.0010 in of low-stress nickel in accordance 


with Class 2 of QQ-N-290 ee 0.00005 to 0.00010 in of gold in accordance — 


with Type II of MIL 
H, All conducting surfaces shall be coated in accordance with MIL-STD-275 
with 0,0003-in minimum thickness of tin-lead or solder. 
I. All conducting surfaces shall be plated with 0,0005 to 0.002 in of tin-lead 
lating having a minimum of 50 percent and a maximum of 70 percent tin, 
PPlated-through holes shall have a minimum of 0.0005-in thickness plating.) 
5. Board Type Requirements: 
NOTE: bai fs without contacts shall be as defined as in the following table 
eliminating contact-plating requirements. 


Requirements of Boards without Contacts 


Pattern: 
Board Plating, tolerances, 
type Description par. 4 par, 2 
I ‘Type GF double- A,B,C A 
sided 1-oz copper 
1 ‘Type GF double- A, B.C B 
sided 1-07 copper 
Mm ‘Type GF double- A.B, D A 
sided 1-oz copper 
Vv ‘Type GF double- A, B,D B 
sided 1-02 copper 
v ‘Type XXXP single- B,C A 
sided 2-07 copper 
vi ‘Type XXXP single E,.c B 
sided 2-0z copper 
vu ‘Type GF single- £,C A 
sided 2-o% copper 
Vill ‘Type GF single- E,C B 


sided 2-02 copper 
VENDOR-USER RELATIONS 


Buying boards is similar, but not the same, when the boards are single-sided, double- 
sided, or multilayered, Admittedly the standard advice in any complex buy situation is to 
evaluate the source. In the case of multi- 


oaTUM 
2 


conract 
SURFACES 


AREA 


Fig. 4.1 Definition of contact surfitces, (1) Con- 
tact surfaces are defined as those shown below 
datum Z and on the applicable drawing. (2) The 
amount of unplated copper at datum Z should be 


layer boards that advice cannot be ignored. 
Thorough vendor-user communications are 
imperative in order to have a quality buy. 

Multilayer boards can be of great value, 
but one should not evaluate the state of the 
art by buying the cheapest board available 
and then deciding that it is the best that 
industry can do, The small manufacturer of 
single- and double-sided boards cannot 


to a minimum, convert to producing multilayered boards 


without establishing an elaborate inspec- 
tion procedure. Microsectioning and inspection are called for after several of the many 
manufacturing steps in the multilayer fabrication process. Multilayer boards can cost 
between 4 and 8 times more than conventional two-sided boards having the same number 
of holes, Still, multilayer boards pay for themselves when they are the answer to complex 
interconnection problems. 
As has been stated previously and will be reiterated throughout this chapter, a positive 
verelonset relation is the most important item in purchasing satisfactory printed wiring 
products. 
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‘9, Multilayer Specification Items In preparing specifications for the fabrication of printed 
Jpoards, many items should be considered. They relate to the end-product requirements 
the mamner in which the end product is derived, i.e., who is responsible for what. The 
following is a list of items that are usually reviewed before going into a multilayer 
fabrication cycle. Some of the items are also pertinent to the fabrication of single- and 
double-sided boards. The conclusions that are reached in reviewing this list have a direct 
jmpact on the cost of the individual printed board. i 
 Pesign trade-offs should be considered early in the cycle to optimize the items that 
have the most significant cost impact. The list should be reviewed with the particular 
‘oard fabricator to ascertain the items that are the most cost-sensitive in his manufacturing 
processes: 
1 \ductor thickness per layert 
2, Conductor width (specify minimum when required) 
3, Spacings (specify minimum when required) 
|. Tolerances plus or minus (state all that are not standard) 
Dielectric material to be used 
. Thickness of dielectric between layers 
Overall laminate thickness with tolerances 
. Number of holes 
Hole size 
Hole tolerance 
Hole location preferable on a grid using an 0.025-in base 
Actual overall dimensions 
Number of layers 
Supplier of artwork 
. Quantity of boards required 
. Thickness of plating in hole (state minimum) 
. Other plating 
. Applicable military or industry specifications 
Other applicable specifications 
Type of testing 
Bond (copper to laminate) 
Cleavage (laminate to itself) 
Dip solder 
Hot oil 
Dielectric constant and dissipation factor 
Dielectric strength 
Capacitance 
Impedance 
Vibration 
‘Temperature cycling 
Altitude 
Humidity cycling 
Insulation resistance 
Flammability 


20. 
a. 
b. 
a 
d. 
e. 
f 
ix 


PS 


10, Stops in Buying Satisfactory Boards’ The quick guide to what can go wrong and the 
of such problems, as listed later in this section is the compilation of inputs from 
4 Humber of suppliers and users. Careful consideration of this information should save 

Y anxiety and anguish. The points covered take on added meaning when viewed in 
the light of a total program necessary to use single-sided, double-sided, or multilayer 

* successfully, Such a program would include the following: 

1. Establish specifications consistent with design standards. Do not assume that 
Hornal printed wiring specifications are adequate or suitable. Question each vendor as to 
What he considers typical, normal, or within reason. Do not overspecify unless you are 
to relax other requirements. 

2. Establish basic board design; use all possible means to reduce the quantity of 

sive tooling required. 

3. Establish a performance specification to allow complete evaluation of thermal 
ek dielectric breakdown, temperature cycling, solder resistance, warpage, etc 
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4. Establish or adopt a standard test pattern such as that currently in use by the IPC. 
for multilayer boards. 

5, Evaluate vendor’s samples. Agree with vendor on realistic reliability-testing 
procedures. 

6. Make microscopic examinations of encapsulated microsections of sample holes 
from test strips. 

7. Produce artwork masters at the precision required for the product. For multilayer 
boards attempt to achieve as near to perfection as possible. 


8. Consult with knowledgeable vendors to avoid built-in trouble areas. Include a — 


test pattern on the master to allow future testing of each board produced. 

9. Give vendors an accurate picture of present and future requirements and indicate 
possible areas of change. Cooperation in this area will decrease the number of tooling 
changes and allow better tooling to be produced and thereby greatly affect the per card 

rice. 
is 10, Establish on-the-line training in the handling, soldering, and assembly of boards 
to avoid needless damage. > 

11. Force the development of good specifications and design guides. “Reproducibil- 
ity” and “application” are the key words. 

12. Ascertain vendor qualifications to produce to applicable specifications. 

13. Develop good contacts between vendor and user. In-house contacts must be 
technically aware of all facets of the board. 

14. Make sure that all vendor clarification calls get “quick reaction disposition.” 

15. Establish firm tooling control. 

16, Do not allow engineering or any other activity except that responsible for 
technical vendor contact (designated by buyer) to communicate with vendor. Also, 
encourage the vendor to establish his contacts in his house. 

17, Allow adequate time in procurement cycle for a good job, Although delivery can 
be forced, the product cannot be reliably made under pressure. 

What can go wrong? 
‘Things that most commonly go wrong are: 

1. Layer-to-layer connection discontinuity 

2, Opening between conductor and through-hole connection 

3. Delamination 

4. Measling 

Other problems are: 

1. Inadequate customer-furnished artwork (registration and tolerances cannot be 
held) 

2, Inadequate plating in hole (high resistance) 

3. Poor drilling that creates high resistance in some areas 

4, Weak design and inefficient layout (excessive layers or fine line circuitry) 

5. Cramming of too much circuitry into too little space 

6. Unrealistic tolerances 
How to Avoid Problems 

1. Evaluate vendor. Pick an experienced vendor. 

2. Follow recommendations. 'To prevent delamination or measling (blistering) dur 
ing soldering, follow the manufacturer's recommendations on temperature and soldering 
time. Boards stored before soldering ought to be dried 2 h at 250°F, 

3. Use quality control. To avoid getting boards with discontinuities due to poor 
plated-through holes, make sure manufacturer has stringent process controls. Inspections 
should be made at many steps. Also, severe heat shocks should be avoided. 

4. Test. Do test preproduction samples and test strips. Make microscopic examina- 
tion of incapsuled microsections. (Use IPC test patterns or coupons.) 

5. Establish vendor-user understanding. Make sure there is complete communica- 
tion between vendor and user and that specifications are thoroughly understood. Do not 
assume that normal board specifications are adequate or suitable. Performance specifica- 
tions should allow complete evaluation of thermal shock, dielectrical breakdown, temper 
ature cycling, solder resistance, warpage, etc. 

. Design right. Question several vendors to make sure that design and circuit layout 
takes full advantage of capabilities without going too far. Ask what is typical, normal, or 
within reason. Have only experienced people do artwork; perhaps the vendor should do 
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it, Masters should be the proper size for the tolerance capability (1:1 for precision 
‘numerically controlled (NC) artwork generations; 4:1 or more for manually prepared 
). 


(cost FACTORS 
When ordering printed boards, conventional or multilayer, remember that the quoted 
is based heavily on the number of boards ordered, since it is high-quantity process- 
ns that gives good economy. That means the manufacturer will process all boards at the 
same time. One should not expect deliveries spread out over a period of time. For 
‘example, don’t order 1000 pieces and then expect the vendor to ship them at a rate of 250 
‘every three months just to keep in step with internal equipment production schedules. 
‘Tight tolerances mean high prices, too, because the manufacturer cannot avoid extra 
lems in meeting the specs. Price depends heavily on yield at a particular tolerance 
||, With tight tolerances, yields must decrease. Price must therefore go up, Watch the 
ings. Using gold or other noble platings where solder would do, and using solder 
where no plating at all would do, can greatly increase the price. Solder plate not only is 
cheaper than gold but also leads to a greater processing yield. 
‘All these points can be summed up with one statement that applies, actually, to all 
; don’t overspecify, either in terms of tolerances, materials, or configurations, and 
try to standardize board formats. 
Don’t forget the cost of testing. Try to ascertain the vendor's capability to produce and 
deliver acceptable boards. The costs of inspection, return procedures, and production 
delays often can outweigh the money saved by choosing the lowest bidder. 


11. One- and Two-Sided Board Pricing’ Simple one- and two-sided boards are fairly well 
understood by users, except for one factor: price. With each job a special, it has often been 
difficult to compare boards parameter by parameter. With standard price lists, however, 
‘one is able to compare price changes caused by changing single parameters. By using 
‘standard price indexes, one can make the following comparisons based on a board with 
these characteristics: 
pee size: 4 x 6 in * 
¢ material: Yie-in one-sided epoxy- rr 
Board finish: solder plating paeniin 
Number of holes: 80 
Number of different hole sizes: 4 
Board outline: rectangular with rounded comers 
Initial quantity required: 10 
Legend: Printed 
The standard price index gives a unit price of x each for 10 boards with the above 
of vristics, If the initial order is increased to 100, the unit price drops to 25 percent of 
10 price, and if to 500 pieces, the price is 15 percent of the 10 price. This illustrates the 
tremendous economy inherent in ordering in quantity. The prices are only theoretical and 
aire subject to many changes due to inflation and the labor-machine mixture in the various 
ag but the relations between a small and a quantity purchase serve the intended 
le. 
Now. suppose one tries to reduce the board size in an attempt to reduce the price. A3 
board would reduce the per-board material cost and allow the manufacturer to 
aed More circuits on one panel. The prices would then drop to 92 percent of unit price 
100 to 10 boards, to 24.5 percent for 100, and to 12.3 percent for 500. With an order of 
sabe the total price would thus drop by only 0.5 percent of unit price x, which 
27 not be worth the extra effort, but the 500-piece order would price out at savings of 
Pegercent of unit paiee x. That would be an economy. 
i 10 instead of epoxy-paper is used, the prices increase but the offsetting gains are 
~ Alaa mechanical and electrical chatacteristics of G-10. I[XXXP is used, the prices 


ie oviinal specification called for solder plating, apparently because a longer shelf 

= needed. If there is a switch to simple etched copper with a protective water-dip 
ae the prices can be decreased. The savings with 500 boards is about 22 percent. 

ickel-gold is used for longer shelf life, corrosion resistance, and low contact resis- 
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tance, then the prices go up. The premium here is thus about 42 percent for 500 boards. 

Now suppose the number of different hole sizes is reduced from four to two and the 
number of drilling steps is thereby reduced. The prices drop. 

Finally, if the rounded edges are considered not really necessary but included only for 
aesthetic reasons, the price for the 500 quantity can be reduced to save about 3.6 percent. 
Putting some of the savings together will revise the characteristics as follows: 

Board size: 6 x 8 in (only half as many are needed) 
Base material: XXXP 

Board finish: etched copper 

Number of different hole sizes: 2 

Board outline; square corners 

Legend: enough space available—etched 

With the new characteristics the board prices at the 500 level drop to a point that results 
in a total saving of 53 percent. 


12, Multilayer Board Pricing To get an estimate of the relative costs of multilayer vs. two- 
sided boards, several manufacturers were asked to give the cost factor multiplier for a 
multilayer board with twice, four times, and eight times the conductor density of the two- 
sided boards for a typical quantity of 100 boards. One must remember, however, when 
making such comparisons, that the costs saved in connectors, assembly, and handling will 
have a major effect on the overall cost and thus make the multilayer approach attractive, 
The increased reliability also should be considered. 

‘The most common response was that, if the conductor density was twice as great, the 
cost of the multilayer board would be three times as great because of the unavoidable 
extra work in setting up the multilayer boards with the necessary tolerances to assure 
acceptable registration. With four times the conductor density, the cost goes up to five 
times as great for the same reasons as in the first case. With eight times the conductor 
density, the cost goes up to eight times as much for the multilayer compared with the two- 
sided board, At that point, the extra multilayer costs are beginning to be absorbed and the 
cost per unit density is decreasing. 

One respondent gave a rough rule of thumb: take the cost of a two-sided board and. 
multiply it by the costs of the layers and add a 20 percent factor for bonding and checkout. 
‘Thus for a two-sided board of unit cost y, for four layers we get 4y and 0.75y extra for 
bonding, giving 4.75y per multilayer board. One factor that can be attached to the: 
economy of multilayer is the cost of connecting each integrated circuit package. A rough: 
way to calculate costs for quantities of about 100 boards of a type is to take between 1z and 
1.52 per simple integrated circuit package, where = is the base price. For large-scale 
integration (LS1) the price would be about 2z to 3z per integrated circuit (IC). Again those 
dollar cae are general and are based on the standard price index established in Sec. 
4.11 above. 

‘Another factor that affects the price of multilayer boards is the number of layers. Many 
vendors today can fabricate boards in excess of 20 layers, but most vendors and users 
prefer to stay around 8 layers per board. A limit in the costing is the ratio of the final board 
thickness to the hole diameter. When the ratio exceeds 4:1, the plating in the hole begins 
to suffer and special plating techniques which increase cost are required. 

One manufacturer concluded that the density of terminal points or holes has a much 
greater effect on cost than the overall size, number of layers, or complexity of the 
interconnections has. Costs go up sharply when hole spacings drop below 0.100-in 
centers. The concept is that the entire tolerance structure for a board with closely 5; 
holes must be much more sophisticated. The price for the added precision is, of course, 
added cost. 


43, Delivery Schedules How long does it take to get delivery on single-sided, double- 
sided, and multilayered boards in large quantities? The answer to that basic buying 
question depends mainly on whether you supply the manufacturer with usable artwork. 
Minimum delivery time from the date artwork is finally approved is usually one to two 
weeks for single-sided boards, one and one-half to three weeks for double-sided boards, 
and four to six weeks for multilayer boards. That is the time needed for the actual 
production of the boards. Artwork could take from one to three more weeks for production 
and check out, which would result in a complete delivery cycle of about ten weeks for 
sophisticated multilayer board. 
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‘Some users are not as skilled in laying out multilayer boards as they are in laying out 
le- and double-sided boards. In the cases of the latter, the manufacturer will prepare 
the artwork from sketches and wiring tables. The increased use of NC artwork generators 
js making that characteristic of the industry disappear. 
Changes in wiring can have a profound effect on the circuit layout and artwork and can 
delivery dates further back. Be sure that the circuit is complete before starting into 
the fabrication cycle. 


PRODUCT DEFINITION 


Basic documentation requirements for printed boards are not unrealistic for even the 
smallest manufacturer to adopt as a basis for in-house standards. Definition of the printed 
board product in documented form is still one of the most misunderstood aspects of the 
jndustry. The misunderstanding comes about because so many companies are concerned 
about the high cost of preparing documentation that they attempt to take shortcuts in 
defining the items that assure them an acceptable product. 
Documentation may be very variable as to the quality of the actual recorded informa- 
tion. There are also many techniques for preparing the document that defines the end- 
iuct board. One document, however, is the nucleus of all the others, and that is the 
‘master drawing. In the IPC-T-50A Terms and Definitions the master drawing is defined 


© A document that shows the dimensional limits or grid locations applicab 
all parts of a printed wiring (circuit) board (rigid or flexible), icleeline tee ome 
ment of conductive and nonconductive patterns or elements; size, type, and location 
of holes; and any other information necessary to deseribe the producto be fubestedl 
Figure 4.2 shows a simplified flowchart of how the master drawing fits i 1 
Eeodiact development cycle. a clogs 


14. Types of Documentation’ Printed wiring documentation can be divided into three basic 
groups: 

1, Minimum documentation. Used for prototype and small-quantity runs. 

2. Formal documentation, Used for a standard product line and boards built in 
production quantities. Similar to Category E, Form 2 per MIL-D-1000* without source or 
ection euppore documentation. 

. Military documentation (Category E, Form 1 per MIL-D-1000). Complies with 
government contracts specifying procurement drawings for the manufy “ identi 
a by other than the original manufacturer. e a oe 

‘0 save time on the master drawing in the minimum documentation ia pri 

naster dr er phase, a sepia print 
et ee Be aniponent (circuit) side artwork can be used. It should indicate board Peal 
“ee ating, outline dimensions (if no outline drawing is referenced in the parts list), 
Boni rilling data, Notes can be freehand-lettered; capital single-stroke characters ‘4 in 
San in size are generally acceptable. The contact sepia print should be processed 

Oakes or s ales suparstas: Taped Baro should never be processed through a 
machine that administers heat, fumes, or a rolling acti ise serious e 
etupent and eeclie ar ing action, because serious damage to the 

ormal documentation should be generated only u isi 

pon a management decision to 
ere and market a product for which only minimum documentation exists. Formal 
mentation is similar to Category E, Form 2 per MIL-D-1000 without source or 
ae a documentation. It can make good use of the technique of “form drawings,” 
ee bg as shod with the fullest use of the in-house photo facility, make an excellent 
ion r 
“Any drafi i: 7 

Eine tse facility can realize cost savings through the reduction of drafting hours by 
eee ic fawings to which is added information that is required by each type of 
aa ‘or Hee a master-drawing form might contain location of the hole chart 
% ae, ofthe printed board indicating board dimensions, notes, and title block. An 
ibe Spee might contain the board outline, notes, an integrated circuit 
Package Qutline indicating pin identification, and a title block. In either case, the only 
Boormation remaining to be added is that which is peculiar to the particular printed 

board, as drawing title, number, and drilling information. 


MIL-D-1000 1974 edition, subject to revision. 
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‘The photographic facility has primarily been used to transform artworks into master 
patterns for making printed boards. However, by capitalizing on its extended capabilities, 
reduced drafting costs can be realized by making screen-tint photopositive transparencies 
for the drawing package. Here photography is used not only to reduce the photo-positive 
transparency to a scale convenient for use in the form drawing but also to screen-tint (half 
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Fig. 4.2 Flowchart of master drawing (Courtesy Institute of Printed Circuits). 


tone) the circuit pattem, which is then superimposed over a precision grid. The practice 
assures positive registration between terminal-area centers and their corresponding grid 
intersections, which is of primary importance when master drawings are made in co1 

ance with military requirements. 

Military documentation (category E, Form 1 per MIL-D-1000) indicates that design 
establishments are obligated to prepare engineering drawings and associated lists in 
accordance with MIL-D-1000. 

MIL-D-1000 specifies general requirements for the preparation of engineering draw- 
ings and associated lists and for application of intended-use categories for their acquisi- 
tion. The specification reflects the policy of the Department of Defense to buy only the 
engineering drawings that are needed and to encourage procurement of commercial 
drawings when they are adequate for the purpose. 

Category E, Form 1 specifies the minimum acceptable military requirements for the 
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ion of engineering drawings and associated lists by designating the intended-use 
E and Form 1. 
Category E engineering drawings are for use as procurement documents to permit 
competitive procurement and manufacture of items that are substantially identical with 
jnal items, including identical repair parts. 
Fonn L engineering drawings conform to MIL-STD-100 and are intended for use by the 
government when controls inherent to that standard are required. 


MIL-STD-100A primarily prescribes the procedures and format authorized for the 

jon of Form 1 engineering drawings and associated lists prepared for the Defense 

Department. The standard includes a paragraph stating in part that cost-reduction tech- 
in 


‘niques in engineering drawing preparation may be used when the techniques do not 

"impair the reproducibility quality of Mil-M-9868 or clarity and design disclosure require- 

‘ments for the kind, category, and form of the engineering document being prepared. 

Specifically, photographic drafting techniques should be used to the maximum extent 
ficable. 

‘Although this standard does not stipulate the drawings comprising a printed wiring 
“drawing package, it does specify the requirements for schematics, master and assembly 
“Grawings, artwork, and supporting drawings: 

1. Diagrammatic drawings, including schematic diagrams, refers to American 
"National Standards (ANSI), ANSV/ANSI Y32.2 and ANSI Y32.16 providing directions for 
‘use of symbology relative to diagrammatic drawings. 

2. Logic diagrams are required to meet the provisions of USAS Y32.14, 

3, Printed wiring master pattem drawings must meet the requirements specified in 
MIL-STD-100A, MIL-STD-275, and MIL-STD-1495. 

4. Printed wiring master drawings must meet the requirements of MIL-STD-100A, 
_ MIL-STD-275, and MIL-STD-1495. 

5. Assembly drawings, including printed wiring assemblies, must conform to the 
“requirements of MIL-STD-100A. 

6. Miscellaneous drawings, such as details, detailed assemblies, tabulated assem- 
blies, inseparable assemblies, specification control drawings, wire lists, which are pre- 
pared in support of the printed wiring drawing package, must conform to the require- 
ments of MIL-STD-100A as applicable to the particular document. 
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machining consists of the mechanical processes by which circuit boards are 
Prepared for the vital chemical processes of image transfer, plating, and etching. Such 
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processes as cutting to size, drilling holes, and shaping have major effects on the final 
quality of the printed board. This chapter will discuss the basic mechanical processes 
which are essential to producing the finished board. 


PUNCHING HOLES (PIERCING) 


4. Design of the Die It is possible to pierce holes down to one-half the thickness of XXXPC 
and FR-2 laminates and one-third that of FR-3 (Fig. 5.1). Many die designers lose sight of 
the fact that the force required to withdraw piercing punches is of the same magnitude as _ 
that required to push the punches through the material. For that reason, the question of 
how much stripper-spring pressure to design into a die is answered by most toolmake: 
“as much as possible.” When space on the dies can not accommodate enough mechanical. 
springs to do the job, a hydraulic mechanism can be used. Springs should be so located 
that the part is stripped evenly. If the board is ejected from the die unevenly, cracks 
around holes are almost certain to occur. Best-quality holes are produced when the 
stripper compresses the board an instant before the perforators start to penetrate. If the 


1.005 IN FOR STANDARD: 
TOLERANCE 


ALWAYS PROVIDE 1004 IN FOR CLOSE 
SOME RADIUS TO 
AVOID CRACKING TOLERANCE. 


ZY J Skin thick 
Yip S IN "e LAMINATE 
Lis 1009 IN FOR STANDARD 
be TOLERANCE 
10061N FOR CLOSE 
SECTION A-A TOLERANCE 


Fig. 5.1 An illustration of the proper sizing and Fig. 5.2 An example of proper tolerance of a 
locating of pierced holes with respect to one punch and die. 

another and to the edge of paper laminates, Mini- 

mum dimensions are given as multiples of T, the 

laminate thickness. 


stripper pressure can be made to approach the compressive strength of the material, less 
force will be required and the holes will be cleaner. 

Tf excessive breakage of small punches occurs, determine whether the punch breaks on 
the perforating stroke or on withdrawal. If the retainer lock is breaking, the cause is almost 
certain to be withdrawal strain. The remedy is to grind a small taper on the punch, no 
more than 14° and to a distance no greater than the thickness of the material being: 
punched. If the grinding is kept within those limits, it will have no measurable effect on 
hole quality or size. The other two causes of punch breakage are poor alignment, which is 
easily detected by close examination of the tool, and poor design, which usually means 
that the punch is too small to do the job required. 


2. Shrinkage of Paper-Base Laminates When paper-base laminates are to be punched, it 
must be remembered that the materials are resilient and that their tendency to spring back 
will result in a hole slightly smaller than the punch which produced the hole. The 
difference in size will depend on the thickness of the material. Table 5.1 shows the 
amount by which the punch should exceed the print size in order to make the holes fall 
within tolerance. The values listed should not be used for the design of tools for glass- 
epoxy laminates, the shrinkage of which is only about one-third that of paper-base 
materials, 


8. Tolerance of Punched Holes If precise hole size tolerance is required, the clearance 
between punch and die should be very close; the die hole should be only 0.002 to 0.004 in 
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Jarger than the punch for paper-base materials (Fig. 5.2 and Table 5.2). Glass-base 
Jaminates ly require about one-half that tolerance. Dies have, however, been 
constru 


‘ted with as much as 0.010 all-around clearance between punch and die, They are 
for use where inspection standards permit rough-quality holes. 
"die with sloppy clearances is less expensive than one built for precision work, and 
ide clearance between punch and die causes correspondingly more break and less shear 
than a tight die will cause. The result is a hole with a slight funnel shape that makes 


TABLE 5.1 Shrinkage in Punched Hole Diameters, Paper- 
Base Laminates 


Material Material at Material at 
thickness 90°F or above 


insertion of components easier. Always pierce with the copper side up. Do not use 
reing on designs with circuitry on both sides of the board, because lifting of pads 
would probably occur. 


4.Hole Location and Size Designs having holes whose distance from the edge of the board 
‘or from other holes approaches the thickness of the material are apt to be troublesome. 
Such designs should be avoided; but when distances between holes must be small, build 
the best die possible. Use tight clearance between punch and die and punch and stripper, 
and have the stripper apply plenty of pressure to the work before the punch starts to enter, 
Ifthe distance between holes is too small, cracks between holes may result even with the 
best of tools. If cracks between holes prove troublesome, plan the process so that the 

cing is done before any copper is etched away. The reinforcing effect of the copper 

will help eliminate cracks. Most glass-epoxy laminates may be pierced, but the finish 
‘on the inside of the holes is sometimes not suitable for through-hole plating, 


5. Warming Paper-Base Material The process of punching paper-base laminates will often 
much more trouble-free if the parts are warmed to 90 or 100°F. That is true even of the 
led cold-punch or PC grades, Do not overheat the material to the point at which it 
‘crumbles and the residue is not ejected as a discrete slug. Overheated material will often 
plug the holes in the die and cause rejects. Opening the taper on the take-away holes will 
reduce plugging, but the most direct approach is to pierce at a lower temperature. Glass- 
poxy is never heated for piercing or blanking. 


6.PressSize The size of the press is determined by the amount of work the press must do 
n each stroke. The supplier of copper-clad sheets can specify a value for the shear 
strength of the material being used. Typically, the value will be about 12,000 psi for 
Paper-base laminate and 20,000 psi for glass-epoxy laminate. The total circumference of 


TABLE 5.2 _ Tolerances for Punching or Blanking Paper-Base Laminate 
Tolerances, in, on distance 
between holes and slots, 9°F 
Tolerance "Ee eee 
Base onhole Upto 2to3 3to4 4to5 dimension, 
material size,in. 2 in in in in in 


0.0015 0.003 0. 0.005 0.006 
0.003 0.005 0.006 0.007 


0.006 0.007 _ 0.008 
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the parts being punched out multiplied by the thickness of the sheet gives the area being _ 


sheared by the die. If all dimensions are in inches, the value will be in square inches. For 
example, a die piercing 50 round holes, each 0.100 in in diameter, in 0.062-in-thick 
laminate will be shearing, in square inches: 

50 x 0.100 in x 3.1416 x 0.062 in = 0.974 in? 


If the paper-base laminate has 12,000-psi shear strength, 11,688 Ib of pressure, or about 6 
tons, is required just to drive the punches through the laminate. Bear in mind that, ifa 
spring-loaded stripper is used, the press will also have to overcome the spring pressure, 
which ought to be at least as great as the shear strength. Therefore, a 12-ton press would 
be the minimum which could be considered. A 15- or 20-ton press would be considerably 
safer, 


Top 
7 BLADE 
SHEAR OR RAKE 
ANGLE OSUALLY { BLADE 
0,062 IN/FT 


QZ 


CLEARANCE. 
0.001-0.002 IN 


Fig. 5.3 Typical adjustable shear blades for copper-clad laminates, 


BLANKING, SHEARING, AND CUTTING OF COPPER-CLAD 
LAMINATES 


7. Blanking Paper-Base Laminates When parts are designed to have other than rectangular 
shapes and the volume is great enough to justify the expense of building a die, the parts 
are frequently punched from sheets by using a blanking die. A blanking operation is well 
adapted to paper-base materials and is sometimes used on glass-base ones. 

In the design of a blanking die for paper-base laminates, the resilience, or yield, of the 
material previously discussed under Piercing applies. The blanked part will be slightly 
larger than the die which produced it, and dies are therefore made just a little under print 
size depending upon the material thickness. Sometimes a combination pierce and blank 
die is used. The die pierces holes and also blanks out the finished part. 

When the configuration is very complex, the designer may recommend a multiple-stage 
die: the strip of material progresses from one stage to the next with each stroke of the die, 
Usually in the first one or two stages holes are pierced, and in the final stage the 
completed part is blanked out. 

The quality of a part produced from paper-base laminates by shearing, piercing, or 
blanking can be improved by performing the operation on material which has 
warmed. Caution should be exercised in heating over 100°F because the coefficient of 
thermal expansion may be high enough to cause the part to shrink out of tolerance on 
cooling. Paper-base laminates are particularly anisotropic with respect to thermal expan- 
sion; that is, they expand differently in the x and y dimensions. The manufacturer's data 
on coefficient of expansion should be consulted before a die for close-tolerance parts is 
designed. Keep in mind that the precision of the manufacturer's data is probably no better 
than +25 percent. 


8, Blanking Glass-Base Laminates Odd shapes that can not be feasibly produced by 
shearing or sawing are either blanked or routed. Glass blanking is always done at room 
temperature. Assuming a close fit between punch and die, the part will be about 0.001 in 
larger than the die which produced it. The tools are always so constructed that a part is 
removed from the die as it is made. It cannot be pushed out by a following part as is often 
true when the material has a paper base. If material thicker than 0.062 in is blanked, the 
parts may have a rough edge. 

The life of a punch, pierce, or blank die should be evaluated with reference to the 
various copper-clad materials that may be used. One way to evaluate die wear caused by 
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pieces, ie 


¢.snearing When copper-clad laminates are to be sheared, the shear should be set with 
‘only 0.001 to 0.002 in clearance between the square-ground blades (Fig. 5.3). The thicker 
the material to be cut, the greater the rake or scissor 
angle between the top and bottom shear blade. The 
converse also is true: the thinner the material the 
smaller the rake angle and the closer the blades. 
Hence, as in many metal shears, the rake angle and 
the blade gap are fixed; the cutoff piece can be 
twisted or curled. Paper-base material can also 
exhibit feathered cracks along the edge that are due 
to too wide a gap or too high a shear angle. That can 
be minimized by supporting both piece and cutoff 
during the shear operation and decreasing the 
fake angle. Epoxy-glass laminate, because of its flex- 
‘unl strength, does not usually crack, but the material 
can be deformed if the blade clearance is too great or 
the shear angle is too large. As in blanking, the 
quality of a part produced from paper-base laminates 
by shearing can be improved by warming the mate- 
rial before performing the operation. 


10. Sawing Paper-Base Laminates Paper-base lami- 
nates are much harder on sawing tools than are the Fig. 5.4 Commonly used saw- 
hardest woods, and therefore a few special precau- tooth designs for paper and cloth 
tions are necessary for good saw life. Sawing paper- laminates. At left, two successive 
base laminates is best accomplished with a circular teeth on a 15° alternate-bevel saw. 
saw with 10 to 12 teeth per inch of diameter at 7500 Atright, wo successive teoth on 
or 10,000 f'min. Hollow-ground saws give a 3p ¢temute-comerrelieved (AC- 
smoother cut; and because of the abrasive nature of i 
laminated materials, carbide teeth are an excellent 
investment. (See Fig. 5.4 for tooth shape.) When a saw does not last long enough between 
nings, use the following checklist. (These steps could have a cumulative effect and 
change saw life by a factor of 4 to 5.) 
1. Check the bearings for tightness. There should be no perceptible play in them. 
2. Check the blade for runout. As much as 0.005 in can be significant. 
3. When carbide teeth are used, inspect them with a magnifying glass to make sure a 
diamond tool no coarser than 180 grit was used in sharpening them. 
4. If the saw has a thin blade, use a stiffening collar to reduce vibration. 
5. Use heavy pulleys with more than one V belt. Rotating parts of the system should 
ve sufficient momentum to carry the sawtooth through the work smoothly and without 


Fe these steps are intended to reduce or eliminate vibration, which is the greatest enemy 
the saw blade. If vibration is noticed, find the source and correct it. 


Sawing Glass-Base Laminates When glass-base laminates are to be sawn, carbide-tooth 
aular saws can be used; but unless the volume of work is quite low, the added 
The tment required for diamond-steel-bonded saws will be paid for in future savings. 

manufacturer's recommendation on saw speed should be followed; usually it will be 


fora Speed in the neighborhood of 15,000 ft/min at the periphery of the saw blade. When 
faonomies dictate the use of carbide-tooth circular saws for cutting glass, use the instruc- 
be Previously given for paper-base laminates (see Fig. 5.4 for tooth shape) and remem- 
Whe each caution regarding runout, vibration, and alignment becomes more important 

m glass-reinforced laminates are sawn. 
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Drilling Machine The selection of a drilling machine can be difficult, and 

SENS n ee es acialiing coctiey exc hale quailty. Machtaes.on the mukettodayringe 

A g00d, clean, burr-free hole is essential to good printed circuit quality. As we will see, to igw single-spindle manual drills to multiple-spindle machines controlled by mini com- 

obtain that quality of hole consistently, a balance of proper drills, drilling machines, Bes faretict vanes ane alsnultitude of deills. with differences in seeds eapenity, 

speeds and feeds, backup board, and copper-clad materials is necessary. te end cost. 

3H # implificati ili ines will be classified as manual and 

12, Drill Geometry and Nomenclature The drill bit, functions to cut and remove from the Beas she SS ae aes position the work and initiate 

hole the copper-clad material being drilled, It is therefore important to understand the the drilling cycle. In numerical control (NC) machines both positioning and drilling cycle 

function and geometry of each part of the drill. The point angle, as shown in Fig. 55, Controlled by some remote input such as punched tape or computer. Drilling machine 
Br ction should be based on an analysis of the following factors: 

Panel size. What is the maximum panel size to be drilled, and in what quantity will 

that size be drilled? This factor applies more to multiple-spindle drills than to single- 

manual machines. 
Volume, What will the typical run size be? A high-volume shop will usually be forced 
‘pee Sh to invest in Raa ae shoes low volume, short runs, and prototypes 
effectively handled on manual machines. 

DRILL ee What accuracy is needed? Manual drills are necessarily labor-intensive, 
ea ha and the ultimate accuracy is a function of operator skill, True hole location within 0.004 to 
0,006 in can be achieved through careful attention to artwork and template fabrication. 
For true hole locations of 0.003 or less, NC equipment should be specified. 

Capital. How much can you afford to spend on a drilling machine? The capital 
jnyestment for a single-spindle manual machine will range from $4000 to $7000; that fora 
multiple-spindle manual drill will approach $20,000. NC drills will cost from $25,000 to 
$150,000. 
Be Miue! Control. Work is positioned for drilling in a manual machine by one of two 
basic methods: optical or template. The optical method requires that the hole location be 
defined either by an artwork overlay or reproduction of the circuit defining the pad. 
Photoresist is often used when the developed image is sufficient to locate the hole 
positions, and boards may be stacked and pinned for registration to the master, In 
template drilling, the hole pattern must be reproduced in the template material, which 
‘usually is aluminum. The boards are pinned to the template, and the stack is moved under 
a stylus controlled by the operator. When the stylus drops into a hole in the template, a 
‘eommand is given to drill the board stack, usually from the bottom. 

Both locating systems can be used with multiple-spindle manual machines such that 
either the drill head or the table, rather than the work, may be moved by the operator. In 
all cases, it is advisable to road-map the artwork and template to guide the operator 


RAKE OR 
HELIX ANGLE 


POINT ANGLE 


CHISEL-EDGE ANGLE 


MARGIN 


CLEARANCE 
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pines through the circuit, Without such a guide, he will find it very easy to miss holes. 
D. Numerical Control. The complexity and high cost of NC drilling equipment require 
RON Diaueree, that a close look be given the components that make up the system. { 
}ODY - DIAME Two primary systems are currently used to translate and control the coordinate informa 
i trie ol ERAS gi ap tion from a punched tape to machine-positioning movements. 
9. 6.5 Drawing of typical dill bit geometry. hae NtmeteA! conteol fs defined as machine-controllogi obtained from fixed programs 
dletermines the ability of the tool to cut the material. For laminate drilling, it usually varies sr casgned and hard-wired into the electronics. That is the older ofthe two systems. 


m it is ly desi d adj iti i ilures a 
between 90 and 130°; for paper-base materials, between 90 and 110"; and for glass-base Si petidlernaae Se ae Re ae 
materials, between 115 and 130°. The drill point has two primary cutting edges which are In computer numerical control (CNC), the machine-control logic is obtained from 
parallel to each other and are displaced by the web. The cutting edges are connected by Software; the computer is programmed to control the machine. The software is usually in 
the web to a secondary edge called the chisel edge. Both the cutting and chisel edges the form of a punched tape called an executive program, and it may enter the computer 
must be straight for uniform cutting and have no nicks or grinding marks. The surface throu; yim: GNA aE SIE 
should be highly polished to reduce friction. The flutes must be equal in length and advantages of CNC over NC are flexibility, versatility, and speed. Those advan- 
angle; otherwise, the drill will be off center. 8 3 =. are more important to the machine manufacturer than to the user; for they allow the 
‘The flute angle, or helix angle, determines the ability of the drill to remove chips from ‘man #00 ititake changes in ntachine perlorrpence ota sdnimun-of cost and efor. 
the hole. Helix angles vary from 20 to 50°. A relatively large angle is needed to assure The advantages to the user are somewhat less well defined, but they are usually in the 
good chip flow and prevent blockage of the drill. The flute of the drill should be polished form of pattern storige, step-and-repeat capability, and other manmpalative yeccalies 
to reduce friction heat and improve drill life, and an 8- to 10-in finish is recommen Made possible by the computer memory. fi 
The drill is relief-tapered back along the body to allow cooler running. The taper, called f. Numerical Control Machine Design and Construction, The major elements of all NC 
relief angle or back taper, ranges from 0,001 to 0.003 in/in. Most printed circuit drilling is Machines are frame or base, positioning systems, feedback system, and spindle 
done with carbide drills. The usual grade is C2, which has good resistance to heat and configuration, e 2 z 
high hardness. Printed circuit carbide drills are fragile and will break easily if they are 1. Frame. 
dropped or stressed heavily during drilling. Machine base ( 


Three basic constructions are used today: (a) a large granite slab as a 
'b) a stress-engineered steel fabricated frame, and (c) a combination of (a) 
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and (b). A large cast-iron base is sometimes used in place of a granite slab. In all cases a 
massive frame is used to resist the extreme inertial forces of rapid table movement as well 
as support the various machine components. 

2. Positioning systems. Machine positioning is through either a dual-axis move- 
ment in which the table moves in both the x and y directions, or through a split-axis 
movement, in which the table moves along one axis and the drill head assembly moves 
along the other, There are advantages and disadvantages to either system, but a well- 
designed machine will overcome the separate weaknesses. 

3. Drive and feedback system. All NC machines utilize precision ball screws to 
drive the moving members. The lead screws are driven by servomotors that receive 
commands from the control unit. The control unit must have some way of knowing where. 
the positioning elements are at any given moment. Two feedback methods are used: open 
loop and closed loop. In an open-loop system, individual incremental movements are 
added to or subtracted from the preceding positioning data, and a new position is assumed 
by the control. There is no direct feedback to the control, and any error that develops will 
be unknown by the control. However, the design of open-loop incremental drives is quite 
advanced, and the system has proven reliability. 

Closed-loop systems are the more common of the two types. Position information is sent 
back to the control and compared with the position instruction. Until the two agree, no 
further machine functions will be allowed. Closed-loop systems work in two ways. First, 
they utilize rotary encoders to count the revolutions of the driving lead screw and feed. 
that information back to the control. Secondly, they utilize linear encoders and an accurate 
seale to tell the control where the moving member i 

In practice, both systems work well. The linear 
based on the real position of the moving member and not just the motion of the units 
driving that member. 

4, Numerical control spindle configuration. Spindle design and mounting method - 
vary. The spindle may be driven by air or electricity, and direct current or, most 
commonly, high-frequency alternating current may be used. The spindle bearings may be 
grease-packed, mist-oil-lubricated, air-cooled, or liquid-cooled depending on whether 
they are of the ball bearing or the air bearing type. The rpm may be from 3000 to 100,000; 
most spindles today operate in the 15,000- to 80,000-rpm range. 

An important factor in spindle design is the chucking system used. Because drills will 
be changed often, chucking should be quick and positive to avoid drill slippage either 
radially or linearly. Air- and hydraulically operated chucks and centrifugal collets are 
available. Very little choice is offered in any specific machine design, so the fabricator 
must decide on spindle requirements early in his investigation. 

d, Service. Any drilling machine, and particularly an NC machine, is a complex piece 
of equipment subject to periodic failures. The industry standard for NC equipment is 
approximately 5 percent downtime. It is extremely important that complete and fast 
service be available in the event of a failure. Whether it is can best be ascertained by 
consulting with users in your area rather than relying totally on factory guarantes 

¢. Performance. The choice of a drilling machine involves a thorough investigation into 
many areas of design and performance. Speed of a given machine is often given in hits per 
minute. It is important, when that speed measure is used as a gauge of machine perfor 
mance, to know the stroke or stack height as well as the distance between holes. Further, 
the user should recognize that maximum hits per minute cannot be attained under most 
drilling conditions, where feed rate and spindle rpm will vary with drill sizes and 
material. 


14. Backup and Entry Materials Proper selection of drill entry and backup material makes @ 
major contribution to getting hole finish of the desired quality; many drilling problems are 
generated by improper selection of such materials. The primary purpose of entry 
backup material is to eliminate the entry burr on the bottom of each stack of material and 
the exit burr on the top. The material should also help guide the drill during the operation 
and clean and cool the cutting tool. 

The tungsten carbide used in most drill bits is an extremely poor conductor of heat. The: 
frictional heat of cutting continues to increase during drilling but basically remains within 
the drill point geometry of the tool, and the heat dissipation is poor. The frictional heat 
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that is generated does not affect the tungsten carbide to any great degree, but a hot- 
ing carbide drill can load up and tear the walls of the drilled glass-epoxy hole. 
Entry and backup material should be uniform in thickness so that all drilling stations are 
of the same height. The material should be thick enough to allow the drill to penetrate at 
0.010 in more than the major diameter of the largest drill being used without 
rough of the opposite side. It should not contain any ingredients that will contami- 
‘nate the drilled hole. It should allow the twist drill an easy withdrawal. (Most drills are 
broken by seizure.) The most commonly employed entry and backup materials are as 
ws: 
os Qil-tempered or composition hardboards are inexpensive but generally lack a 
surface hard enough to eliminate all burring. Also, the oils or binders used in them are apt 
to cause hole contamination. 

2. Paper-base phenolic laminates are slightly more expensive than composition 
hardboards. They should be hard and relatively free from plasticizers; therefore, an XP is 
preferable to an XPC or XXXPC. It is sometimes difficult to shear them when their 
thicl is over ‘is in, particularly without warming. 

3. Eposy-glass laminates are the most expensive materials, but they will work well in 
some applications. However, they promote rather than decrease the tendency toward 
‘epoxy smear. 

4, Aluminum-clad hardboard and annealed aluminum foil are relatively new and 
moderately priced. The annealed aluminum surface is harder than the other materials and 
provides good burr prevention. The core material is free from resins that might cause 
smearing. Sometimes annealed aluminum foil is used for entry with this system; it 
provides good burr prevention. The aluminum also serves to clean and cool the drills, 

Backup materials should be carefully evaluated; the author believes many of them 
introduce additional problems such as resin smear. The trend has been toward foil-clad 
hardboards with hard surfaces and minimum amounts of resin or binder to cause addi- 
tional smear problems. 


15. Drilling Feeds and Speeds The feed rate, in inches per minute, and speeds in revolu- 
tions per minute, are critical factors in circuit board drilling, If the feed is too fast, rough 
holes or drill breakage will be prevalent; if it is too slow, the drill will turn excessively in 
the hole. The results will be heat buildup, a drill loaded with material, and excessive resin 
smear along the wall of the hole. Ideally, the speed and feed should be so balanced that 
the drill cuts a predetermined chip load with each revolution. 

Both paper- and glass-base materials usually drill best at 0,001 to 0,003 in of penetration 
Per revolution of the drill. With the smaller drills, however, (0.0625 in and smaller) the 
chip load can approach 0,009 in per revolution. In general, the speed of the drill bit should 
not exceed 650 surface feet per minute; at higher speeds excessive heat and resin smear 
may occur. To calculate speeds and feeds, use the following equations: 


_ surface feet/minute x 12 


‘pm = ~~ drill diameter X 7 
Feed rate (inches/minute) = rpm x optimum chip load (inches/revolution) 


nee 1pm determined exceeds sufficient torque to drill large-diameter holes, decrease the 
ip load until the spindle has sufficient torque to drill without slowing down. Each 


ie an should develop a drill feed and speed guide such as the one illustrated 
. 5.6, 


16. Dritting Problems 


cee Smear. Much has been published about the cause and effect of resin smear in 
eee The usual effect of resin smear is electrical or mechanical discontinuity or 
ba beara walls of the holes. The cause of smear is resin being heated beyond its melting 
ean istortion point and being drawn through the hole by the drill bit. The key to 
elim: ‘ing or eliminating resin smear is control of heat buildup in the drill bit. To 
on. resin smear, the following parameters must be reviewed: 
ed geometry. Worn drills, drills with improper geometry, or drills with nonpol- 
and ca unequal flutes will increase the amount of cutting energy released into the holes 
‘use resin smearing. 
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2. Drill speeds and feeds. Improper selection of drill speeds and feeds can cause the outing can be competitive with those of die blanking, When a design has traces close to 
drill to tum in the hole without good continuous chip cutting. Increased heat will result, the board edge, routing may be the only blanking method that will produce acceptable 
and chip blockage of the flutes will further cause heat buildup. 3 

3. Improperly cured material. Improperly cured laminate, particularly semicured 
prepreg in multilayers, will lower the heat distortion or resin melting point and cause 
resin smear. 

4, Improper backup and entry material. Entry and backup material can introduce 
resins or contaminates that are more difficult to remove than the base resin of the material 
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"Routing is basically a machining operation similar to milling, but it is done at much 
higher cutter speeds and feed rates. Three routing systems are available to the fabricator: 
pin routing, stylus or tracer routing, and NC routing. 


being drilled. Phenolic smear and epoxy smear will usually not be removed by the same ss oi) 
chemicals. 
DRILL SIZE currer SCRAP 
38 31_30 28 25 21 18 115 12 7 4 
7 Se ae ot jer ape eT 140 orebtiog ——O) 
PART 
60 120 
| 100 wae FEED 
50 DEFLECTION DIRECTION 
Pe a (0) 


RPM X 1000 


CUTTER FEEI 
DIRECTION 


CUTTER 
FEED 
DIRECTION 


SCRAP 


aie 
0.020 0.040 0.060 0.080 0100 0120 0140 0160 0180 0.200 
DRILL DIAMETER, IN 
Fig. 5.6 Typical speed and feed chart for epoxy-glass laminate. 


(b) 


5. Stack height and board and backup board design. Too high a stack of material will IG.87 Effect of cutter deflection on ‘ 
cause heat buildup. By designing boards with copper lands drilled whenever possible, Besse cuts) dotccs cutter sway bom part Thatlawwer ouside dimensions nuh gs fen pen elon 
some heat can be conducted away, which will decrease resin smear, Backup boards with Compensated for in programming. (b) Counterclockwise cutting (recommended for inside culs and 
aluminum or copper foil will also help conduct heat generated by drilling. Pockets) deflects cutter into scrap. Therefore, inside dimensions of holes or cutouts will measure small 
b. Nail-heading and Burring. Excessive burring (usually burrs of 0.0005 in or greater) and tunless compensated for in programming. 
nail-heading occur when drill speeds and feeds are not balanced with drill geometry. 
Nail-heading and burring are prevalent when the drill is punching and extruding rather aig Pin Routing, Pin routing requires a machined template, usually of aluminum or steel. 
than cutting cleanly through copper and base material. template, which is made to the board outline, includes registration pins for position- 
‘c. Roughened Hole Walls. Roughened hole walls can be due to improper speeds or feeds os the boards, which are usually stacked three or four high. The package is then routed 
or poor drill geometry. Poorly engineered or poor-quality drills, with off-center points, eens the template against a pilot pin that protrudes from the table. The pin height 
unequal flutes, or too low a helix angle, will sometimes cut unevenly and produce rough a be a few thousandths below the top of the template; alternatively, a spacer can be 
hole walls. At high speeds small drill bits or bits driven by drills with improper bearings ‘ween the template and the adjacent board. The cutter is the same diameter as the 
can whip and gouge the hole walls. Worn drill bits exhibit cratering of their cutting edges. pin. Usually two or more passes are required to assure proper tracking of the 
which leads to embedding of laminate and thereby results in roughened holes. Wort, because the cutter tends to force the work away from itself and the pilot pin. 
d. Hole Location. The location and tolerance of holes are generally determined by should be fed against the rotation of the cutter to prevent grabbing. Dwell can cause 
drilling machine selection and programming. However, the diameter and geometry ak ©utters to load up with chips and overheat. Pin routing, although labor-intensive not 
drill bits can contribute to drill wandering. The hardness of entry materials, particularly Y in cost but also in operator skill, may prove satisfactory for irregular shapes when 
foils, serves to cut the deviation and wander from proper hole location. lunes are low or edge finishes are critical. 
temp tylus or Tracer Routing. In tracer routing a stylus traces the board outline on a 
Mplate similar to that used for pin routing. The stylus may control the movement of the 
lation < over a fixed table, or it may control a movable table under fixed spindles. ‘The 
ing gi b2to2ch is most commonly used with multiple-spindle machines, and the follow- 
‘cussion will concentrate on that machine type. 


47, Routing Laminates Routing offers the fabricator the advantages of superior edge 
finishes and closer tolerances than can be obtained from shearing or sawing. It cam 
eliminate the expense of blanking dies and the long lead times associated with hard 
tooling. Now, when coupled with the use of multiple-spindle machines, the labor costs of 
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Templates may be machined to the board outline, with the stylus tracing the external 
edge, but a closed track 0.005 to 0.010 in wider than the stylus is recommended for greater 
control and accuracy. In practice, the operator makes his first cut by tracking the outside 
edge of the template track. (For an outside cut, this assumes tracing clockwise around the 
template with clockwise cutter rotation.) A second, cleanup pass also is made in a 
clockwise direction, but with the stylus tracking the inside of the template track. This light 
aaa see most of the cutter load and give the operator better control for final sizing 
of the board. 
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FEED RATE, IN/MIN (@ 24,000 RPM) 


Fig. 5.8 Recommended feed rate, using %s-in-diameter burr cutter at 24,000 rpm, for varying stack 
heights of specific thickness of material. 


Stylus routing provides better operator control, and accuracy is greater than by pin 
routing. With multiple-spindle machines, the system can be competitive with die blank- 
ing, because up to twenty boards are routed at one time. Sometimes the limiting factor is 
the ability of the operator to provide the force needed to feed the work past the cutters, but 
power-assisted table movements can help with some of the load. Tolerances of +0.010 in 
can be achieved at production rates with moderate operator skill and by manipulating 
stylus sizes; closer tolerances are possible with more skilled operators. Cutter diameters 
of % in can be used successfully on these machines, but cutter breakage is directly related 
to operator skill and control. 

c. Numerical Control Routing. When production volume, flexibility in board design, or 
short lead time becomes paramount, NC routing may be the best approach to final 
blanking. Through numerical control of table or spindle movement, the routing operation 
is reduced to loading and unloading the machine. Complex shapes can be cut to close: 
tolerances in very high volume. Programs can be written quickly, usually under two 
hours, and design changes can be made in minutes by simple program modifications. 

NC router programs consist of a series of simple commands that direct the machine to 
follow the desired cutter path. Coordinate information is taken from the board blank; 
added commands must also be entered to direct such functions as feed rate and head up— 
head down. 

Labor costs go down as equipment costs and accuracies are increased by use of the 
more sophisticated systems. The use of solid carbide cutter bits for routing any of the 
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ly used board materials is mandatory. Spindle speeds may vary from 12,000 to 
24,000 rpm, and spindles must have sufficient power to make a cut without an 
jable drop in rpm. 

‘Tooling or registration holes inside the board perimeter are preferred. Extemal tooling 
holes may be used by leaving tabs at the holes, but the tabs must be removed in a 

dary operation. 

Although square outside comers can be achieved by routing, all inside comers will 
have a radius equivalent to the cutter radius. In most designs, that will be acceptable. 
When square inside comers are required for part clearance, an undercut of 0.015 to 0.030. 
jn along either axis, or a diagonal cut at 45°, will remove material enough that the mating 

will have sufficient clearance. The inside comer may also be squared by a secondary 


operation. 
MACHINE X-Y TABLE 
TOOLING PLATE (ALUMINUM OR BENELEX) 
‘SINGLE ~SPINDLE PATTERN 
LOCATING HOLES~DRILL AND INSERT BUSHING 
‘MILL SLOTS OR INSERT SLOTTED DIE BUTTONS 


(OF ACTIVE PATTERN 
Fig. 5.9 Typical tooling of numerical controlled routing, 


The following subsections discuss in detail NC routing procedures. 

d. Cutter Offset. Since the cutter must follow a path described by its centerline, it must 
be offset from the desired board edge by an amount equal to its effective radius. That is 
the basic cutter radius, and it will vary with the cutter tooth form. Since the cutters deflect 

the routing operation, it is necessary to determine the amount of deflection to be 
added to the basic cutter radius before expending large amounts of time on programming 
Parts (Fig. 5.7). 

Variables which affect deflection are thickness, type of material, direction of cut, feed 

fate, and spindle speed. To reduce those variables, the manufacturer should: 

1. Standardize on cutter bit manufacturer, diameter, tooth form, and end cut. 

2. Fix spindle speed (24,000 rpm recommended for epoxy-glass laminates, 12,000 
4pm for Teflon-glass laminates). 

3. Maintain a stack height of 0.250 +0.050 in. 

4. Rout in clockwise direction on outside cuts, counterclockwise on inside cuts. 

5. Standardize on single or double pass. 

6. Fix feed rates for given materials. (Note that higher rates will increase part size 

slower feed rates will decrease part size.) 

& Direction of Gut. A counterclockwise direction of feed (climb cut) will leave outside 
omers with slight projections and inside comers with small radii. A clockwise direction 
non (rake cut) will give outside comers a slight radius, and perhaps give inside comers 

ight indentation. These irregularities may be eliminated by reducing the feed rate or 
Sutting the part twice. 
ie Cutter Speed and Feed Rate. The variables affecting cutter speed are usually limited to 
ane” of laminate being cut and the linear feed rate of the cutter. A cutter rotation of 
Telos bt and feed rates up to 150 in/min may be used effectively on most laminates. 
n-glass and similar materials, the laminate binder of which flows at relatively low 
Peratures, require slower spindle speeds (12,000 rpm) and high feed rates (200 in/min) 
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to minimize heat generation. The graph of Fig. 5.8 shows recommended feed rates and 
cutter offsets for most standard laminates at various stack heights. The cutter used is a 
standard %-in-diameter burr type. 

g, Cutter Bits. Because of the precise control of table movement in NC routing, cutter 
bits are not subjected to the shock encountered in pin routing and stylus routing, and 
therefore small-diameter cutters may be used successfully. However, the fabricator would 
do well to standardize on %s-in-diameter cutters because they are suitable for most 
production work and are readily available from a number of manufacturers in a variety of 
types. The resulting 0.062-in radius on all inside comers is usually acceptable if the board 
designer is aware of it. 


PART TOOLING PIN 
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SUB-PLATE MOUNTING PIN (3/16-IN OR 


TOOLING PLATE 
1/4-INDIAM) TIGHT SLIP FIT IN TOOLING 
(vec SIAM . i PLATE BUSHING OR SLOT. PRESS FITIN 


‘SUB-PLATE. 
Fig. 5.10 Tooling schematic for numerical controlled routing. 


Cutter tooth form is more important in NC than in other routing. Because of the faster 
feed rates possible, it is important that a cutter have an open tooth form that will release 
the chip easily and prevent packing. Many standard diamond burrs available on the 
market will load with chips and fail rapidly. The carbide cutting bit will normally cut in 
excess of 15,000 linear inches of epoxy-glass laminate before erosion of the teeth renders 
the cutter ineffective or too small. Cutter life can be prolonged by periodic cleaning to 


remove epoxy buildup in the reliefs of the teeth. Cleaning can be done by brushing or 
with chemical cleaners used on drills. 

If extremely smooth edges are required, a fluted cutter may be used. Single- or two 
fluted cutters with straight flutes should be used when cutting into the foil if minimum 
burring is desired. It should be noted that such cutters will be more fragile than a standard 
serrated cutter, and feed speeds should be adjusted accordingly. When a slightly larger 

burr can be tolerated, two- and three-flute left-hand 
spiral cutter bits should be used because of their 
J Wl, greater strength. The left-hand spiral will force the 
workpiece down rather than lift it, assuming a right 

(a) hand-turning spindle. 
h. Tooling. To simplify tooling and expedite load~ 
MASKING ing and unloading operations, effective hold-down 
_£— TAPE "and chip-removal systems should be provided as part 
eels of the machine design. Various methods may then be 
| devised to mount the boards to the eine table 

* while properly registering them to facilitate routing 

TIGHT PINS INFRAME the outline. Some machine designs will have shuttle 

(b) tables available so that loading and unloading ee be 

Fig. 511 No-intemalpin method, accomplished while the machine is cutting. Others 

Step 1; ext thive sles (a). Step & will utilize quick-change secondary tooling pallets or 

Apply masking tape (b). Step 3: Cut sub-plates that allow rapid exchange of bench-loaded 
parts free. pallets with only a few seconds between loads. 
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;. Tooling Plates. Tooling plates utilize bushings and a slot on the centerline of active 
pattern under each spindle. They are doweled to the machine table (Fig. 5.9). The plates 
may be made by normal machine shop practice, or the router may be used to register and 
drill its own tooling plate. Mounting pins in the tooling plate should be a light slip fi 

j. Sub-plates. Sub-plates should be made of Benelex, linen phenolic, or other similar 
material. Sub-plates should have the pattern to be routed cut into their surfaces. The 
patterns act as labyrinths and aid in chip removal. Part-holding pins should be an 


LOOSE TOOLING PINS 


‘CUT PARTS IN THIS 
ORDER TO MAXIMIZE 
FRAME STRENGTH 


Fig. 5.12. Single-pin method. 


TIGHT REGISTER 
PINS 


interference fit in sub-plates and a tight to loose fit in the part, depending on cutting 
technique used (Fig. 5.10). 

Itis recommended that the programmer position the tooling and hold-down pin holes in 
addition to the routing program. That will provide absolute registration between the 
tooling holes and the routing program. Each sub- 
plate, full- or part-size, may be used on both sides for 
amultiplicity of setups and is indexed to the table or 
master tooling plate with dowel pins to allow multi- 
ple tool changes without retooling. 

k, Cutting and Holding Techniques. Since the preci- 
sion required for cutting board outlines, as well as 
the placement of tooling holes for registering boards, 
will vary, a number of different cutting and holding 
methods may be used. Three basic methods are illus- 
trated here. Experimentation will determine which 
method or combination of methods is most appli 
ble to a particular job. With all methods, the mini- 
mum dimension for board separation with a 0.125-in cutter is 0.150 in. 

|. No-intemnal-pin Method. If no internal tooling pins are used, the procedure of Fig, 5.11 
may be employed. 

Accuracy: 0,005 in 
Speed: Fast (best used with many small parts on a panel) 
Load: One panel high—each station 
m. Single-pin Method. The single-pin method is illustrated in Fig. 5.12 
Accuracy: +0.005 in 
Speed: Fast (quick load and unload) 
Load: Multiple stacks 
eg Double-pin Method. In the two-pin method there is a double pass of cutter offset; see 
ig. 5.13. Make two complete passes around each board; the first pass at a recommended 
feed mate and the second at 200 in/min. Remove scrap alter first pass. 
Accuracy: +0,002 in 
Speed: Fast (highest-accuracy system—load and unload slower than single-pin 
method due to tight pins) 
Load: Multiple stacks. 


2 TIGHT INTERNAL 
PINS PER BOARD 


Fig. 6.13 Double-pin method. 
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INTRODUCTION 


The basic initial step in the fabrication of a printed board is the generation of a pattern 
from artwork or photographie film onto a copper- or other metal-clad laminate. In the 
simplest method, known as the print-and-etch or the etched-foil process, a copper-clad 
laminate is coated with the exact pattem (positive) in a protective resist material. The 
unprotected copper areas are subsequently chemically etched to remove the unwanted 
copper from the laminate. After the etching, the resist is removed, which leaves a replica 
of the desired pattem in copper. 

The second method involves printing the reverse or negative pattern in a resist that 
leaves the desired areas exposed. The uncovered copper areas are cleaned and electro- 
plated with a protective metal. Plated-through holes are readily incorporated into this 
approach. The organic resist is removed, and the plated metal (solder, gold, or tin-nickel) 
now performs as the “re: in the copper-etching operations, Permanent resists also are 
applied as solder mask and legend printing. 

In either case an organic protective resist which possesses the ability to give the 
definition and detail required in the circuit must be applied. Chemical resistance and 
dimensional stability to withstand the action of the processing steps are necessary 
requirements. Which t printing method should be chosen depends upon the quality 
and required line definition of the board, production rates, cost considerations, and 
compliance with environmental regulations. 

Photosensitive resists are capable of the finest line definition. Dry film resists are 
frequently preferred over liquid resists because they offer good chemical resistance, thick 
plating capability, and cost savings due to less labor and fewer processing steps. In the 
print-and-etch process, line definition and resolution depend upon the copper-foil thick- 
ness, Typically, 0.005-in line and 0,005-in spacing on ¥4- to 1-0z copper are possible in 
production. Considerably finer definition is possible in more controlled conditions; for 
ie 0.001- to 0.003-in lines are possible on thin clad laminate or evaporated metallic 

lms. 

Screened resists with medium to long production rates are limited in practice to 0.01- to 
0,015-in lines on *- to 1-oz copper. Cost considerations favor screened resists over 
photosensitive resists, particularly for higher production rates. However, setup costs for 
screening may exceed photoprinting costs because of the need to make up screens and 
wash them off. UV- (ultraviolet) curable and alkali-soluble resist usage has increased for 
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seasons of possible cost reductions and environmental regulations. Of much interest are 
screen resists that combine UV curing, alkali etchability, and alkaline stripping 
ties. 
‘Automatic and semiautomatic screen machine printing offers consistent product and 
rates, Ofiset-printing methods are generally best suited for low-cost high-production 
fates when definition and resolution are secondary in importance. 
‘The various resist materials and methods of printing the image are considered in this 
., The printing of the image on the copper-clad laminate includes cleaning, 
photoresist or screen application, exposure, developing, and baking or ultraviolet curing. 


PHOTOGRAPHIC FILM PREPARATION 
‘The positive and negative photographic films taken of the master artwork are used for 

raphic resist, screen, and lithographic printing processes. What is produced on the 
film down to the smallest detail will be transmitted throughout all subsequent operations. 
Equipment and room facilities are prime considerations with regard to the quality of 
work, fine-line definition, and resolution expected, 


4.Camera Camera selection should take into consideration the following: 

1. Sturdy, vibration-free equipment only. 

2. A lens system with no distortion or loss of focus at edges. 

3. High-energy lighting which evenly illuminates copy. 

4. Back lighting for copyboard. This is essential to avoid fuzzy edges, particularly on 
taped-up master artwork. It provides contrast of the order of 1000:1, compared with 
approximately 50:1 provided by front lighting. 

5. Maximum size of master artwork to be photographed. This determines copyboard 
size. In general, the board should be as large as possible. 

6. Range of reductions to be made. The range must be established, but as broad a 
range as possible should be attained. 

Most printed circuit board artwork is not laid up greater than 8x final size, When 4x 
reduction is the maximum available from the camera, the 4x reduction is made first and 
then the 2x reduction is made from it. The first reduction is to be as large as possible. 

An 8:1 artwork fora 4 x 5-in finished card will require a minimum of 32 x 40 in (usable 
area) copyboard. Since accuracy of final images within standard tolerances of +0.005 in 
are more than suitable for most printed boards, it is common practice to use either 2:1 or 
4:1 artwork. Tape tolerances can be held to +0.010 in. That reduces the copyboard usable 
area requirement to 16 X 20 in for the 4 x 5-in board size. Smaller and less expensive 
eguipment can be used. Commercial equipment with 21 x 25-in and 40 x 48-in copy- 
boards al available. 

Along with the consideration of maximum master artwork expected is the consideration 
‘of maximum reduction which may be required. The maximum reduction possible is 
determined utilizing the equation 


Where R = maximum reduction attainable 
U = maximum attainable distance from lens to copy 


F = focal length of lens used 


It can be seen that decreasing the focal length increases the maximum allowable 
teduction. However, lower distortion and other optical considerations favor the use of 
Sreater lens-to-copy distances. Focal lengths of 10% in require a distance of 31.5 in 

= n copy and lens to produce 4X reduction. An extension of the lens-to-copy 
distance by lengthening the support track coupled with a shorter focal length lens system 

's reductions up to 7X on commercially available equipment. Camera units being 
used for commercial-type printed circuitry have the following attributes: 

1. 4x minimum (single-step) reduction capability. 

2. Apochromatic (free of spherical aberration) coated, color-corrected, flat-field-type 


lens. 
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3. Copyboards no smaller than 16 x 20 in in usable area, 
4, Positive copy hold-down, usually by vacuum. Parallelism must be maintained 
between the copyboard and the film plane to minimize distortion of image. 

5. Vibration-free sturdy construction throughout, with solid locking devices which 
hold the movable camera front and the movable copyboard secure. (Both the front of the 
camera and the copyboard must be movable in relation to each other in order to obtain 
focus at the required reduction.) x 

6, Focus control from back of camera. 

7. Aperture adjustment. The setting balances the least residual aberration and fine- 
line image capability due to diffraction. 

8, Automatic timed shutter control. 

9, Ground-glass focusing plate at back of camera. 

10. Enlarging of at least 2:1 capability as well as reduction capability to allow 
correction. For example, if the film is to be the same size as the artwork (1:1), it is 
preferable, rather than try to include allowances for etch undercut in the master artwork, 
to make the film as a slight enlargement. Uniform shrinkage of copy can also be compen- 
sated for in this manner, 

11. Front lighting provided by at least two side floodlights. The lights are so attached 
to the copyboard that the light source intensity and angle of incidence are equal from both 
sides, The usual minimum angle is 45°. Theoretically, the greater the distance between 
copy (subject) and light source, the more uniform the illumination. In practice the 
distance which allows suitable exposure time and uniform illumination is used. Light 
reflection from the copy into the lens will be at a minimum when the angle between the 
light path and the lens axis is greater than 45°. Photoflood lamps are commonly used and 
are left in operation on a low level controlled by a voltage-varying autotransformer, This 
reduces heat and glare while adjustments are made and facilitates quick availability of 
required illumination. Illumination, once established, must remain constant. Exposure 
time and lens opening can be varied to get the best image for the film being used. Single- 
color light offers optimum results for most photographic lenses. A green light avoids 
chromatic aberration, ensures best lens conditions, and simplifies focusing, 


2. Film Film used must be fine-grained and have very high contrast, very high acutance,* 
low photographic speed, and high resolution. Detailed properties and proce 

niques are readily available from the trade literature. Orthochromatic film 

used (except for certain fine-line work) because it is sensitive to green light but not to red 
light. Therefore, only a red safelight is required, rather than the complete darkness 
necessary when panchromatic film is used. For finest-line work requiring maximum 
dimensional stability, glass plates are preferred. They require a camera back with a proper. 
holding frame. A disadvantage is that plates introduce problems in indexing and prov 
ing intimate contact during printing. Warp and unevenness in copper-clad laminates, 
burrs on sheared stock, and plating thickness variations prevent intimate contact during 
printing of photoresists. Incident light causes loss in definition (poor resolution). Ester 
base films (0.007-in preferred) which have been heat-stabilized provide strong, durable, 
flexible film material which is dimensionally relatively stable and readily conforms to 
uneven surfaces, 

Front and back or different layers are made by master artwork layup on a single 
polly tee or translucent base by using red and blue tapes and exposing through suitable 
jens filters, 

Room light conditions for film handling and processing should be carefully controlled 
with an adequate number of safelights with proper filters. Simple exposure tests at various 
points in the room can be made with pieces of the film being processed to determine the 
effect and number of safelights required. Film developing also must be done in a safelight 
unless the film being used has been designed for use in normal room (white) light or 
daylight. Films which can produce either positives or negatives are available. They may 
be processed in normal room light. 

Contact printing is used to make a film positive of the negative produced from the 
positive artwork copy. Additional negatives can also be made by contact printing onto. 


*“Acutance” refers to the inherent property of a film that gives it the ability to reproduce very fine 
detail. The small grain size of the photosensitive crystals form the image precisely. 
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sitive film, Equipment is simple and inexpensive. A point source of light provided 

with intensity range steps and an automatic timer is required. A minimum of 4 ft is 
mnded from the top of the plate to the light source. Greater distances are even 

: because intensity throughout the entire area exposed is then equalized. Units are 
qvailable with a built-in vacuum frame which can be tumed over on a swivel. A built-in 
are light then exposes the film. Exposure is very fast because of the intensity of light. This, 


however, may adversely affect film sensitivity. 
POSITIVE AND 
NEGATIVE STORAGE 
MASTER 


++ 
‘ARTWORK 
STORAGE 


CONTACT 
PRINTER 


DEVELOPING SINK 


COORDINATOGRAPH 


Fig. 6.1. Camera room layout. 


A film storage refrigerator in a room with low relative humidity is recommended for 
‘bulk storage of unopened packed film. Packages should be removed a day or so in advance 
of their need to allow them to reach room temperature before opening. This prevents 
moisture from condensing on the cold surfaces. In addition to bulk storage, a lightproof 
drawer or cabinet must be provided for daily use. Steel cabinets with light-sealed steel 
drawers are recommended for storing film. Master artwork and the finished positives and 
negatives are also stored in clean steel cabinets, but lightproofing is not required, The 

nets should be located in the air-conditioned camera receiving room area. 

a. Diazo Imaging Film. Molecular photo polymer-based photographic film now avail- 
4 can be used instead of the silver halide type. The following advantages are offered by 

1. A darkroom is not required. 

2. Water processing is not required. Film is exposed and then developed in a 
machine with ammonia vapors. This eliminates the need for trays of chemicals and water 

temperature controls. 

3. Through-put is much faster because drying time is not required. 

4. Dimensional stability is equivalent to that of silver halide films. 

__5. Films are transparent amber or burgundy in color. This allows see-through visual 
alignment with holes or pads on the printed board. 

6. Positive or negative film can be made from available materials. The positive type 
long-term stability, however. 


3. Camera-Room Layout A typical camera-room layout is shown in Fig, 6.1. Air condition- 
ing to a room temperature of 68 + 2°F and mean relative humidity of 50 percent are 
Tequired. The incoming conditioned and filtered air should establish a slight positive 
Pressure with respect to outside rooms. This keeps dust out. Lightproof air outlets must be 
Provided to prevent pressure buildup. The air-conditioning unit, pump, and motors are to 

located as far away from the camera room as possible and mounted on solid, indepen- 

nt (isolated from building floor) cement foundation blocks on shock mounts. Compres- 
*ors and other vibration-generating equipment should also be located as far away as 


: 
F 
: 
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possible from the camera, as well as being isolated and mounted so as to minimize 
vibration. These precautions are essential if very fine line definition is to be achieved, 
The types of films generally used have long exposure times, and any vibration of camera 
equipment is emphasized and transmitted to the film. 

Floors should be tiled or similarly covered to allow complete cleaning in order to 
reduce dust. Water-trap vacuum cleaners or other good vacuum cleaners should be used 
to keep floors, shelves, etc., dust-free. All foot traffic that is not necessary should be 
eliminated. Clean gratings or mats at the entrance to the photographic area are helpful. 

The water used in solution makeup should be deionized or distilled and be solids-free, 
Deionized water is preferred for rinses, but clean, well-filtered (5-yn or less) tap water is 
suitable. Straight tap water is commonly used, but it can result in scratched or smeared 
images because of the presence of particulate matter. A fine-particle filter can be installed 
as a preventive measure. 

‘The darkroom area in which film is to be handled and processed must be lightproofed, 
including doors, cracks, ventilators, windows, and light switches. The door to the area 
must have an intemal lock to ensure against accidental entry while film is being processed 
unless a safelight walk-through is provided. 

Electrical switches and controls for automatic camera focusing and shutter operation 
must be located in the darkroom behind the camera. A similar set of controls is normally 
available in front of the camera. Room light and copy illumination in the room in front of 
the camera should be controllable from the darkroom behind the camera. Similar controls 
are to be provided for copy backlighting. 


4, Film Preparation Work Flow A typical work flow with steps taken for film preparation 
includes the following: 

1, Artwork, which has been approved and signed off by quality control, is received 
and entered in the log. Quality-control inspection prior to sign-off usually utilizes an 
optical coordinatograph located in the room in front of the camera. Optical drill tape 
programming machines are even more accurate for inspection, 

2. File-card tags for placing on finished film are prepared. 

3, Camera lights are tumed on low. 

4, Camera is set. 

a. Copyboard and lens are set for reduction required. 

b, Light integrator is set for reduction being made. 

¢. Shutter on front of camera is set. Suitable allowances for thick-taped artwork 
should be made. 

5, Vacuum pump for copyboard is tured on. 

6. Clean white paper sheet is placed on copyboard. 

7. Artwork is placed on a white sheet, flat and wrinkle-free. 

8. Mylar* cover sheet is rolled over master artwork. This must press artwork down 
firmly and also be wrinkle-free. With the camera copy set up, the remaining work is to be 
done in the darkroom behind the camera with the room light on. 

9. Developer, stop bath, fixer, and other solutions used to develop the film are 
prepared (gloves on). Hands are washed and dried when work is completed. 

10. Room lights in front of camera are turned off to prevent unwanted copy 
illumination, 

11. Unless walk-through is provided, the darkroom door is locked and the red (safe) 
light is tamed on. The safelight switch should also turn on a red light by the door outside 
the darkroom. The room light is then dimmed to allow final focusing and positioning of 
center of copy image onto ground-glass plate at camera back. Once the camera is set, the 
room light is turned off completely, leaving only the red safelight illuminated. 

12, The glass plate door is removed and replaced with the vacuum camera back door. 

13. The film is placed in a centered position in the holding board. 

14. The vacuum pump is tumed on for film hold-down. 

15. The film door is closed. 

16. The button on the automatic shutter, timer, and exposure control box is pressed; 
this tums on lights and ensures amount needed for exposure. 


“Registered trademark of E. L du Pont de Nemours & Company. 
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17. Once the picture is taken, the film is removed and developed (avoid handling). 

jon by tilting the solution trays is of great value in getting suitable film developing. 

18. Afier the film is developed and washed, it is dried in the air at room temperature 

-free compartment. 
_* ES ome the film is dry, the identifying tags are attached to the edge of it. 

20. The negative is used to contact-print similar films to produce the positive image. 
Either of the positives may be used as an intermediary film image to be reduced by being 

shed in the same way as the master artwork. When the negative is used, it must 
tumed over to correct for reversal of the image. 

21. When indexed locating pins (standardized tooling) are used, they are punched in 
the film while the film is in the camera area, 

22, Master artwork is filed. 

23. Photographic films are placed in protective envelopes; one set is sent to produc- 
tion; and a master set is filed. The master set is never allowed to leave the camera area, 
Hanging-type storage is preferred. 

When size allows it, a contact print of the master artwork is often made to ensure against 
ehanges which may take place because of tape shrinkage or loosening. 

Problems that arise are generally attributable to improper exposure or developing, dust, 
solids in solutions, light leaks, forced drying, finger marks, improper focus, improper 
eduction, or fogged film. 


6. Photo Film Inspection The film negative or positive must be inspected and retouched, 
since every error and blemish will be reproduced faithfully on the copper-clad laminate 
surface during printing. The film may also be extensively changed to obtain a different 
circuit pattem or incorporate minor changes. 

Faults in the film are generally in two areas: black spots in the transparent area show up 
‘as pinholes in the resist or clear spots in the pattem areas. Black spots in the transparency 
are corrected by removal on the emulsion side. Clear spots in the dark circuit area are 
‘corrected by retouch paint. 

‘The actual fabrication of the board is now ready to start. Cleaning is the first step. 


BOARD CLEANING BEFORE IMAGING 


Improper cleaning prior to resist application is probably the greatest source of printing, 

etching, and plating problems. Poor photo- or screen-resist adhesion, pinholes, incom- 

. etching (copper left in patchy areas where not wanted), peeling, and other plating 
are generally related to improper cleaning practices. 


Starting with the base material, boards should be handled with soil-free gloves. Finger- 
Print marks “etch” into the surface and often result in peeling of resist or plating. 
The basic cleaning steps are given in the following sections. 


6. Vapor Degreasing Copper-clad laminates or other laminated materials may require 
-vapor degreasing to remove oil and soil contamination left on the surface by the 
Preceding manufacturing operations. The contamination includes the mold-release mate- 
used to prevent the laminating press platens from sticking to the copper surfaces. 
ne greases once used as mold releases are most difficult (if not impossible) to 
Temove by degreasing and cleaning. 
(0 of the most commonly used solvents for vapor degreasing are trichloroethylene 
) and perchloroethylene. TCE operates at a lower temperature of 90 + 5°C. The 
nersion time varies, but up to 2 min is normally adequate. The TCE must be high- 
Purrity-stabilized and be kept clean and dry. 
“por degreasing may attack and loosen the bond between the copper cladding and the 
‘ating substrate. As processes are established, adhesion and bond-strength tests are 
Tequired before and after vapor degreasing or other vigorous cleaning procedures. 
ol must be taken to protect operators from the hot, toxic degreasing vapors. Since the 
ata removes oils so effectively, skin irritation is likely to result from contact with the 
- Seapeead or liquid. Airbome vapor, although limited by the cooling coils, does exist 
en boards are removed. The best practical protection is to locate the vapor degreaser 
a chemical fume hood and so connect the heater that it turns off when the cooling 
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water is not flowing. A second safety device is a heat sensor, located above the cooling coi]. 
and so attached that heating is turned off once a set temperature maximum is reached. 

Improvements in Iaminate manufacturing, chemical cleaners, and machine scrubbers. 
have reduced the need for vapor degreasing. 


7. Mechanical Cleaning Mechanical cleaning operations begin with sanding when the 
boards have been drilled or with abrasive scrubbing on undrilled boards. Hand vibrators 
have frequently been used, but machines are more effective and practical for production, 
Wet sanding with 280- to 600-grit water-resistant abrasive paper is preferred. Dry sanding 
embeds in the copper materials which may lead to adhesion problems. Also, dry sanding 
is not effective. 

Abrasive fiber rollers on machines are used wet.* The machines also blow the boards 
dry, Other machines use brushes and a slurry of pumice.t There has been some objection. 
to them on the ground of their leaving embedded or surface residue pumice. Properly 
working machines present little problem, however, and the boards come out essentially: 
dry. Steam heat, when available, is used to blow-dry wet surfaces. The effect is the 
formation of a surface with which resists and further plating have good adhesion, In 
general, printing without sanding on glossy or mirror-bright surfaces will result in resist 
lifting during etching or plating. 


plates covered with water-re 
scrubbing. 


9, Rinsing A high-pressure deionized water spray which ensures complete rinsing is 
preferred. If one is not available, thorough rinsing must be done with clean tap water, 
Boards can then be either blown dry with clean dry air or run through drying machines, 
Ultrasonic units or more wash rinses may be used, depending on the type of pattern to be 
printed. 


40. Chemical Cleaning; Alkaline Solutions Chemical cleaning follows mechanical cleaning: 
of both plated and unplated substrates. Chemical cleaning is generally required regard- 
less of the need for mechanical cleaning. The first step is alkali cleaning. Proprietary 
metal cleaners are used most frequently. Typical concentrations are between 4 and 12 o” 
gal (8 oz nominal) at temperatures between 150 and 180°F. Unless there are larger 
amounts of surface oils, 160°F nominal is easily maintained and is usually adequate. 
‘When a higher temperature is used, evaporation losses must be replenished by frequent: 
water additions, Carbon-steel or stainless-steel tanks are used. Commercial cleaners are 
composed for the most part of phosphates (trisodium phosphate), sodium carbonate, 
sodium hydroxide, wetting agents, and chelating agents. Simplified analytical control kits 
are available. Since most cleaners are low in cost, it is standard practice to discard them: 
and make them up new when there is any sign of poor cleaning. Electrocleaning is done 
under similar conditions. Commercial solutions have been formulated to be used with. 
direct current, either cathodic or anodic or both. Time in the cleaner will vary with type of 
soil, temperature, solution composition, current applied, and material being cleaned. One 
to three minutes for copper-laminate boards at 4 to 8 V has been found effective. 
Ultrasonic aqueous or solvent cleaning also has found use for special and rigid cleaning 
schedules. 

Rinsing after alkali cleaning is effectively carried out by using filtered (oil- and solids- 
free) tap water. Water immersion, followed by a strong spray, ensures complete removal of 
cleaners. Deionized or distilled water may also be used, but since acids and other rinses 
are to follow, its cost is not warranted at this point. Neutral or acidic cleaners are 


“Sommer and Maca Glass Machinery Co., 5501 West Ogden Ave. Chicago, IL 60650 
4Billco, Grandview Blvd., Zelienople, PA 16063 
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sometimes preferred for reason of the attack of hot alkaline solutions on exposed epoxy or 
polyimide substrates. 


41. Acid Dipping Acid dipping and surface etching follows the rinse to neutralize residual 
Mliali and remove metallic oxides. A 20 to 40 percent (by volume) HCl or 10 to 20 percent 

volume) HsSO, solution is adequate. Following an acid dip the boards may be 
processed through these solutions: copper etch, water rinse, H,SO, (10 to 20 percent), tap 
water spray rinse, and deionized or distilled water spray rinse. Finally, the boards are 
plown dry with clean filtered air. 

The adhesion and quality of photoresist films on copper are very dependent on surface 
prepanition. Acid and water rinsing should be the last treatment. A surface finish of 10 to 
20 jin rms prepared with complete chemical etching and polishing exhibiting a dull 
‘surface is preferred. Mechanical abrasion may leave metallic slivers, high spots, etc., 
which result in pinholes in the resist, but when it is properly done, excellent adhesion is 
attained. Printed boards are held at the edges (using rubber gloves) and on a slight angle 
vertically so that water drains as it is blown off one comer. When boards are processed in 
racks, they also should be allowed to drain vertically. Hot air and hot water promote 
bxidation and should not be used, Oven drying at 90°C (inert atmosphere preferred) for at 
Jeast 15 min is used to ensure complete water removal prior to printing, Conversion 
coatings (phosphates, oxides) should not be used unless resist adhesion cannot be 
obtained by regular processing. 


PHOTORESISTS 


42.General Liquid photosensitive resists are thin coatings produced from organic solu- 
tions which, when exposed to light of the proper wavelength, are chemically changed in 
their solubility to certain solvents (developers). Two types are available: negative-acting 
and positive-acting. The negative-acting resist is initially a mixture which is soluble in its 
developer but after light exposure becomes polymerized and insoluble to the developer. 
Exposure is made through a film pattern. The unexposed resist is selectively dissolved, 
softened, or washed away, which leaves the desired resist pattern on the clad laminate. 
Positive-acting resists work in the opposite fashion; exposure to light makes the polymer 
mixture soluble in the developer. The t image is frequently dyed to make it visible for 
inspection and retouching. The resist patter that remains after development (and post- 
baking in some cases) is insoluble and chemically resistant to the cleaning, plating, and 
etching solutions used in the production of printed boards. A variety of references on 
photoresist applications may be cited: general procedures,’ fine-line etching," and 
electroforming."® The majority of photoresist materials are available as proprietary mate- 
tials and are covered by patents. They have for the most part been formulated with well- 
characterized chemical reaction products; they remain noncrystalline during light expo- 
oan pe they have good chemical resistance to and dimensional stability in the agents 
en. in board processing. Although the composition of proprietary materials has not 
released, typical examples may be given to indicate their nature: vinyl cinnamate 
‘opolymers,"* benzal acetophenones,”” acetophonone plus cinnamate," quaternary salts," 
and azide polymers.”° f 


‘13. Negative-acting Liquid Photoresists The primary negative-acting liquid resists are 
oy and DCR.+ Selection and typical processing will be considered ie 
‘ormulated originally for making letterpress printing plates and lithographic plates, 
ein a become a widely used photoresist in printed circuit manufacturing. It is used 
aay a when the screen printing and other high-volume methods do not offer fine 
mae 1 definition or when a small lot of boards is to be produced. Because of its low 
s content and low viscosity (11.7 to 13.1 cP at 25°C) it provides good resolution. Dry 
. Eaipoed coatings are about 0.0001 in thick, which is sufficient for printed board 
and Se KPR has the advantage of being easily dyed black or blue for inspection 


KPR series is generally recommended when copper or copper alloys and anodized 


joe of Eastman Kodak Co., Rochester, N.Y. 
*oduct of ThiokoVDynachem Corp., Santa Ana, Calif, 
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aluminum are to be coated. Other resists cause permanent staining or discoloration on ¢ Other Kodak Resists. Later versions of KPR and other Kodak negative series resists 
copper. The ultraviolet light sensitivity of KPR is given in the literature.* In practice, a have been developed for plating and chemical milling. Consult the first edition of this 
gold or other ultraviolet-free safelight on orange-tinted glass is used in the resist applica~ and Eastman Kodak Company, Rochester, N.Y., for details on these ‘materials. 
tion and print area. After coating, but prior to exposure, boards are stored in a dust- and ‘. DCR® (Dynachem Photo Resist) (Liquid Applied). Somewhat different procedures are 
light-free cabinet. It has been reported that properly prepared and stored KPR-coated r ‘This material is narrower in its light-sensitive range than the Kodak similar type 
boards have been printed and etched after 2 years’ storage. Lower temperatures and ‘of resist (320- to 390-nm specific range). In contrast to KPR, DCR is not designed to be 
humidity controls extend the applied resist life. - developed in TCE vapor degreasers. Stabilized chlorinated Hidiecarbone (for example, 
Ge Problems Associated with KER. Chlorothane-Nut) can be used. Development time is critical (5 to 10 s maximum) with 


a a sae. ritation. 
1, Property changes from batch to batch. Remedy: Filter, by using positive pressure, slight asit f sane f . : 
through a 5-um (for example, Millipore*) filter or equivalent. This is preferred to vacuum Tage of oe aerate es che Saige sre; spend ciate 20 percent by 
filtration, which tends to remove some of the solvents. Commercially available KPR is ate be ica 


filtered, 1, Clean the copper-clad laminate. ; 
ered, y in air-circulati 50°C : in, 
‘Alter filtration, viscosity should be standardized by using either KPR thinner to loweror fo ee pepe wok 
KPL (filtered) to maise viscosity. Prepared formulations are available. Viscosity measure 4. Resist-coat. Dip, spray, and whirl resist as received. Thin with up to 20 percent 
ments are preferably taken at a standard temperature and humidity. A rotary-s) thinner for roller coating, 
viscosimeter used at approximately 60 rpm is particularly suitable for the 5, Dry at 115 to 125°F in a circulating oven, Do not exceed 125°F. This is critical. 
Permanent-stand explosion-proof models are available. KPR has a viscosity of about 13 to. 6. Expose 30 s to 2 min, typical time for carbon arc. Mercury vapor takes two to three 
14 cP at 25°C and a specific gravity of 0.99 to 1.00. Solids are approximately 7.4 percent by times longer. Black light, mercury-quartz tube, quartz-iodine lamps, or tungsten arc light 
weight, Liquid should be stored in a sealed, dark bottle (small volume preferred) in a itis be used. Light-cansitive peak at 360 nm. 
light-free, cool area (do not freeze). : $fiob3 q 7. Develop: Immerse in cold Dynachem developer 5 to 10 s; 15 to 30 s is recom- 
2, Poor definition with fine-line etching. Remedy: Reduce viscosity of KPR mended at room temperature, Heated solutions are preferred for best results, This is a 
adding solvent to get a thinner coat of resist. to ‘ fritical step, and overdeveloping results in poor adhesion of the resist. A drawback lies in 
3, Poor adhesion and breakdown in etch. Remedy: This is normally due to ie fact that TCE, used frequently to develop resists, attacks DCR. 
quate or poor cleaning or improper processing. 8. Dye immediately after developing (direct transfer). DCR dye takes 5 to 10 s. Dye- 
b. Processing Steps for KPR 4 Veloper, a Dynachem one-step dye and developer, can be used in place of steps 7 and 8, 
1, Apply standardized viscosity, filtered KPR to previously cleaned and dried board rs cuit DOR 
ee ee ee nto a L, The exposure required by thin films has been found to be up to 18 times as long 
1 Pry aking for 8 min aes lowing hors iy al cine ase 
they are dry to the touch. (Thick coatings will take longer.) en greater chemical : : : 4 : : e 
resistine is eae, temperatures up to IC can be ted fora onge tine. eat ries Vaca rey 
3. Print (exposure). Photographic film negatives (dark field) are used for print and_ triker on DOR ic at 
Sort oe ne ‘ . s difficult to remove. TCE, as recommended by the manufacturer, 
etch, Photographic film positives (clear field) are used when printing for electroplating: BM work: ticles We {s lit and ts accompatied by hand eorubbidg Commercial 
Expose by using a light source such as a carbon-are oF mereury-vapor lamp. Proper ers work well, however 
exposure time will vary with equipment. Exposure test procedures have been re Seed chemical resis t i Z . e 
yp ne rapt KP, wth mercry-apor bes apply 2 na (re ene ig rely egepalinin ragticey tc 2 
the plate, is about 2 min. Exposure tests must be made to determine the optimum time. A fre used, the exposure problem mentioned above should be considered, Recent DCR 
catbon-are light source can also be used, and white flame-are exposure time will be less Betis are charmed ty devisks theas robles : 
ae & the Sot Adee ok aie i eaonmadt ie wine Cee, oc J. Water-soluble, Colloidal Negative Resist. A water-soluble, liquid negative resist is 
uring exposure, the precoated board with the photographic film on it (emulsion available for print-and-etch and photochemical metal-etching operations. The material is 
touching the KPR coat) is held in intimate contact in a vacuum frame or a photographer's BE hsisad and. with tie exception of spraying; can be applied by standard math 
frame, Writing, letters, numbers, ete., are in proper reading order during this operation. plies ne aha ate ath eee age 
4. Develop. (a) Use trichloroethylene vapor degreaser. Hang in the vapor only 3 to 4 ister spray, and postbaking for curing. Stripping is in 15 percent sodium hydroxide. 
min (19°F). Spray hot TCE (liquid) for 15 s coming out of tank. Thicker coats will take BE alee Ee eae ' 
longer. Boards with holes must be washed out completely by foreing developer through: eels 
the holes. (b) Or use KPR developer. (c) Or use xylene 2-min immersion. 1:1 xylene 
Fotocol spray 15 s. Dip in Fotocol. Air-dry. 
5. Dye. Immerse the dry photoprinted and developed board in KPR dye for 30 
Remove and allow excess to drain off. With cold tap water (65 to 76°F), spray-rinse 0! 
excess dye. 


14. Positive-acting Liquid Photoresists The positive-acting resists have been marketed as 
pace materials (modified and refined for printed circuit and microcircuit application 


“el ‘icensing agreements), and AZ-340.} These resists differ from the negative-acting 
sists in that they become soluble in their developer when exposed to light. The image is 
ate 6. Retouch. Use plater’s resist to touch up one side of the board while making sure all i by using a positive or open-field ae The methods of applying photoresits siven 
the copper which is to remain is covered. Remove photoresist from areas to be e' =c. 16 show some comparisons and advantages of this type of resist. Since the 
away. Oven-dry retouched side at 90°C until dry. ‘Cool and do the other side. eas resin, after exposure, developing, etc., is still light-sensitive, multilayer etching 
3 7. Postbake (for plating). Bake at 120°C for 15 min to complete resin cure; bake Bece. ilities are available. In this case, baking after coating is not required. Typical 
; longer if coat is thick. Postbake is often deleted on print-and-etch copper-clad boards. Ssing steps for AZ resists are as follows: 


Produce of Thioko/Dynachem Corp., Santa Ana, Calif, 
AS of Dow Chemical, Midland, Mich. 
ade mark Shipley Company Inc., Newton, Mass. 


*Millipore Filter Corporation, Box 497T, Bedford, Mass.; also see Refs. 3 & 4. 
Brookfield Viscometer, Brookfield Engineering Laboratories, Ine., Stoughton, Mass.; also see Ref 
3 & 4 for other suppliers. 
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1 Cleaning, Degreasing, alkali (electro or soak) rinse, acid dip, and dry are typical 
steps for copper and its alloys, 


2 Coating. Whirl or spray coating, dip, roller, and other conventional techniques are 


possible, but spray at 20 to 40 psi is preferred for plated-through holes. Airless sprays are 
also suitable. 

3 Drying. Oven-dry immediately after coating at 120 to 180°F in a circulatis 
oven which is well vented; 15 to 20 min at 150°F is sufficient. Infrared may also be used, 

4 Exposing. Sensitivity range is between 200 and 600 nm, but since most glasses do. 
not transmit lower than 320-nm wavelength, the peak sensitivity through glass is at abou 
340 nm. Exposure time varies with thickness and light source intensity, and exposure tests 
must be run to establish time. The image exposed to light is developed off the board, and. 
that not exposed remains intact. 

5 Developing. AZ developer dissolves the exposed resists very quickly and com- 
pletely. The developer is an alkali-water solution which is rinsed away in running water, 
Deionized water spray is preferred. When the properly exposed image does not develop. 
in about 2 min, the developer must be discarded. After thorough rinsing, a5- to 10-s dip 
10 percent HG! solution is recommended for the plating of copper printed boards. 
step is followed by thorough rinsing, preferably with a deionized water spray rinse. 

6 Postbaking. Generally, postbaking is not recommended, since a high-tempe 


exposure can be harmful to the resist. For maximum chemical resistance to strong etchants 


or for plating at high current densities, a bake at 150°F for 20 to 30 min can be used. 

7 Etching. Etching can be done by using chromic-sulfuric acid solution, ferric 
chloride, ammonium persulfate, cupric chloride, or other common acid mixtures. 
light should be avoided, since the material is made more soluble by exposure. 

8 Plating. Most printed circuit acid plating solutions can be used wii 
optimum results postbaking and white light exclusion are required. Time in 
solutions should be held to a minimum for all products. 

9 Resist removal. This is exceedingly rapid with a variety of organic solvents. 
Removal takes place in to 30 s when resist has not been postbaked and in a longer 
when it has been. Acetone and ketones are preferred. Ethyl acetate, cellusolve, and othe 
organic solvents also work well. Strong alkalies at 150 to 180°F are effective, parti 
when ultraviolet light exposure is made first. Their use makes possible the avoidance 6 
organic solvents which might affect substrates. See Chap. 8. 

10 Rinsing. Thorough rinsing and in some cases scrubbing and rinsing. 
11 Drying. Blow dry with filtered air. 


45, Negative-acting Dry Film Resists Dry film photopolymer resist films from 0.0005 to 
0.003 in thick are commercially available and have replaced liquid resist in 
applications. The thicker materials are suitable for use in the most stringent etching 
plating operations. Thick pattern plating, for example, can be done on fine lines and fir 
spacing without problems associated with overplate (mushroom side effect) and chemical 
attack on the resist. 

Thinner coatings of the order of 0.00075 in thick are well suited to print-and-etel 


applications such as the inner layers of multilayer boards. Care must be taken on thinner 


resists, which are somewhat brittle and may flake at edges. The laminates are sold in roll: 
of various lengths and widths up to 24 in. 


The photopolymer is sandwiched between a layer of polyester film on one side and a 
polypropylene sheet on the other side (Fig. 6.2). Both cover sheets protect the photopoly-_ 


mer from damage by abrasion. The polyester sheet further serves as a stable dimensioned 
base against which photographic film can be placed for exposure. 

Light sensitivity is such that all processing before exposure must be done under a gold 
fluorescent or an equivalent ultraviolet-free safelight. Exposure equipment must be 
capable of delivering high-intensity ultraviolet light which is collimated and free of 
excessive heat. High-pressure mercury vapor lamps and mercury quartz lamps work well. 


Cold-cathode and fluorescent “black lights” are not suitable for fine-line work. The faster 


the exposure, the finer and more acute the edges will be. 

The light is bent as it passes through the polyester cover sheet, but it is transmitted 
straight to the surface coated. The exposed photopolymer is polymerized with a conse- 
quent change in viscosity. Unexposed photopolymer remains unchanged. The higher the 
energy of the exposure light, the quicker the polymerization will take place. The result is 
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ater resolution. The reverse effect will result from slow exposures from low-energy 


ees. Heat also causes unwanted polymerization. 
Photopolymer resist films, as reported by Butler," are oxygen-inhibited systems by 
‘With no ultraviolet light and in the presence of oxygen (air) the resist will not 


APPROX 0,001 IN 


POLYPROPYLENE OR 

POLYETHYLENE APPROX 0.001 IN 
PHOTOPOLYMER 

POLYESTER 


Fig. 6.2 Dry-film photoresist sandwich structure, 


‘a. Processing. ‘Typical processing involves the following steps: 

1, Cleaning. 

(a.) Degrease in trichlorethylene vapor. 

(b,) Abrasive-cleaner scrub. (Pumice) 

{¢.) Thorough water rinse. (No residue) 

~ (d.) Blow dry with clean air. 
{¢.) Oven dry 130 to 150°F, 10 to 15 min. 
_ 2 Surface coating (lamination). The photopolymer is applied to the board surface by 
ing heat and pressure (Fig. 6.3); it is fed off a roll and onto the board surface as the board 
s through the machine. 

Boards still hot from oven drying are fed through the machine with heated laminating 
‘tolls at 230 to 260°F. Preheating is essential because the laminating rolls cannot supply 
enough heat at the speeds required. Early machines burned up heating rollers in trying to 

e the heat deficit by applying more heat. Heated transfer rolls are effective. 

iring this process the polyethylene cover sheet is removed and taken up on a roller. The 
olyester sheet remains on top of the photopolymer as a protector. 

_A cooling and normalizing period of 15 min is preferred for dimensional stability. 

i ure can come immediately after laminating, but dimensional stability is better after 


izing. 

‘The excess film around the board can be trimmed off with a knife, but care must be 
taken not to loosen the cover film. Machines for trimming are available.* 

3. Exposure. Exposure is carried out by registration of the photographic film (emul- 
sion side) onto the polyester sheet; the two are then placed in a vacuum frame for intimate 
‘fontact between surfaces. The proper time will depend upon light intensity, temperature, 

lymer type and thickness, and type of equipment being used. Photopolymer film 
‘Manufacture data} sheets state that optimum exposure times will give a solid 8 to 10 on a 
Stouffer} 21-step sensitivity guide. Typical exposure times for a variety of exposure 
Machines is given in photopolymer resist films manufacturers’ data sheets.§ 

4 Developing. Developing after stabilization (1 to 15 min) starts with the peeling of 

; ee ective polyester cover sheet. The peeling should not be done until just before 
loping. See Fig. 6.4 for the developing machine. 
s ‘veloping is done in a 1,1,1-trichlorethane solvent. Best results have been obtained 
using a hard spray at 60 to 70°F. Vigorous agitation is necessary. 
‘est panels determine developing time. Optimum time is the time necessary to just 
om ve the unexposed resist and thus leave a clear exposed panel image (positive for 
amma negative for pattern plating). Temperature, spray pressure and patterns, 
issolved resist in developer will affect developing time. 
rime Research & Development Co., Santa Ana, Calif 
Tsemachem Corporation, Sante Fe Springs, CalifR . 
oo 21 Step Sensitivity Guide, Stoufler Graphic Arts Co., South Bend, Indiana. 
oo @ product of E. I. du Pont de Nemours & Company 
Pont's methyl chloroform and Dow Chemical’s Chlorothane-Nu are suitable. 
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5 Postbaking. Baking after developing at temperatures between 120 and 150°F for 1g 


min aids pattern-plating adhesion to a considerable extent. The chemical resistance ig 


enhanced by baking. 

These resists may be used in all acid plating baths and etched in all of the common 
etchants. Fluoborate tin or solder may cause some problems. Pyrophosphate co 
strong alkaline cleaners, and hot ammonium etchants will affect these resists. 


DRAWER SLOT 


ROLL TAKE-UP FOR 
COVER- SHEET 
POLYETHYLENE 


POLYETHYLENE 
SHEET. 
TAKE-UP ROLL 


PHOTOPOLYMER 4 ee 
Fig. 6.3 Dry-film photopolymer laminator. Fig. 6.4 Dry-filin-developing machine ( 


spray type). 


6 Stripping. Stripping can be done by using any of a number of cold comm 
strippers. 


b, Water-Soluble Dry Film. These systems require alkaline processes. Processing | 

imilar to that described except that developing is done in 2 to 4 percent trisodiu 
phosphate (TSP) or sodium carbonate solutions. Antifoam materials are added to 
developer for machine operation, Rinses and residues must be treated in waste 
systems. See Chap. 9 on disposi 

Acid etchants and plating solutions are inert to this material. Stripping can be don 
quickly in alkaline solutions or cleaners at 130 to 160°F. A 3 percent solution of sodi 
hydroxide by weight in water at about 140°F will blister this resist, which can then b 
lifted or sprayed off with water. 

Dry-film photopolymer resists formulated specifically for pyrophosphate plating 
tions and ammonia-type alkaline etchants are available. Removal of these films is so 
what difficult. Hot (140 to 180°F) water solution of sodium hydroxide (1.5 percent: 
weight) is used, Care must be taken with tin and solder 


¢. Problems Encountered with Dry-Film Resists 

1. Thick-film problems are to a great extent traceable to improper surface preparatil 
and to improper application. 

2. Lack of adhesion is caused most often by inadequate cle: 
bonding temperature and pressure. Clean according to the procedure outlined in 


section. Make sure that boards are heated prior to entering laminator and that heate 


rollers are at the right temperature. Finally, check exposure conditions. Inco 
polymerization can also result in poor adhesion. 


When plating times in alkaline or near-alkaline solution are long, some lifting may ocet 
at edges of circuit patterns. High current densities exaggerate this problem. Always use 


the correct resist type for plating or etching applications. 
3. Resist in unwanted areas can generally be traced to problems in the film. 
scratches and pinholes, touch up films, not boards. 


46. Photoresist Application, General The application of “dry film” by using specializ 
Jaminators has been discussed above (Sec. 15a, Processing). Resists applied in liquid fo 


lend themselves to several methods of application. Spraying is the simplest and least 


expensive method, particularly with the negative-acting resists, when plated-throu 
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oles or other cutouts are present. Whatever the method of application, the major 

‘yequirements for good resolution and definition are that the photoresist film be uniform, 

ie-free, and strongly adherent to the base material. That is why the cleaning and 

ition steps prior to resist coating cannot be overemphasized. Moisture absorbed on 

‘substrate or contained in the resist must be kept ata minimum because it also may be 

"the cause of pinholes and poor adhesion. The resist should be applied in a room with 

about 50 percent humidity. Oven baking or TCE rinsing (hot) is used to eliminate the last 
traces of water on the substrate. Each of the application techniques will be discussed, 

4, Dip Coating and Controlled Withdrawal. Dip coating is a suitable means of applying 
liquid resist. but a low-viscosity resist will leave a very thin and valueless coating, A 
thicker coating can be obtained when withdrawal from the liquid is controlled. Slower 
withdrawal results in the thicker coating found suitable for plating applications 

Dip coating is the easiest and quickest way of coating both sides and is very suitable for 

4 applications. Containers such as glass, stainless steel, and earthenware are suitable, 
“They should be covered when not in use, and they should have a depth greater than the 
longest workpiece to be processed. That allows contaminating solids to settle and remain 
“undisturbed. Narrow tanks are commonly used. Vertical dipping is preferred to horizontal 
jing because of space savings, less disturbance of solids, and smaller surface area 
“exposed with less evaporation and dust collection. By removing printed panels fiom the 
tank vertically and slowly, thicker and more even coats can be attained. On cutout and 
blind holes, the draining resist tends to run in streaks of uneven thickness. The result is 
incomplete developing. Streaks may also arise from clamps and other holding devices, 
which should be kept out of the resist. 
Heavier thicknes: s can be attained by multiple dipping, but each coating must be 
baked dry prior to the next dip. That ensures complete drying and prevents surface checks 
‘or cracks. The adhesion and chemical resistance also are improved. When only one side is 
to be printed and etched, an even coating thickness can be achieved by dipping and then 
‘apidly removing the board and laying it flat with the desired side up. 

It must be remembered that plastic substrates and adhesive materials are affected by 

the organic solvents in photoresists, and hence the time of immersion of single metal-clad 


_ boards should not be greater than the time needed for wetting and good coverage. 


Filtering is required to remove contaminating solids and oxi i ct 
US eet cea is d oxidized resin products. A 5-~m 
|, Oven drying can be done under vacuum to remove moisture from resist, but care must 
be taken to pe ieming. Lost solvents can be replaced. Solvent loss and moisture 

even at room temperatures, are common to dipping operations. 
b Whirl (Spin) Coating. Whirl coating techniques utilize rosea force to distribute 
resist over the area to be coated. Coatings are very even in thickness and nearly pore- 
Hs Bateels from 6 to 48 in in diameter have been used. Panels are usually centered on 
Bean surface and held in place by threaded pin stops, a balanced holding frame, or 
sided tape. The resist material is applied at the center as the wheel turns, or it is 
Poured on and the wheel is then accelerated. Thickness of coating can be controlled by 
ie oo 4 of the resist and the revolution and acceleration of the wheel. The speed of 
al a ae conveniently controlled by means of a power regulator controlling a driving 
a. Vian * le-voltage regulators and timers wired in series have been used successfully. 
wajor disadvantage of whirl coating is encountered when double-sided boards are to 
ae particularly boards with through holes. Resist tends to run around the edge or 
gs na holes and cause streaks on the reverse side. Streaks may also form along the 
hole pithe ko side. This technique is therefore not suitable for coating plated-through- 
ic. SA eae of excessively thin coatings are related to excessive wheel speeds 
He sist viscosity. 

a infrared, and other devices can be used to force-dry the resist while spinning 
Sal ai Ee that event extreme care must be taken to ensure complete venting and fire 
shicl ee evaporating solvents. Spinners or whirlers should be contained in a 

Sy ie to eaten damage from flying parts. This is especially true of larger and 
Not waterant ee Splash guards and adequate drains are required. Since the resists are 
water-soluble, filters should be located at drain outlets and kept clean at all times. 

'ng should be done in a hood located in a positive-pressure room or in a positive. 
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ae must be mounted on sealed bearings, and no oil contamination should be 
possible. 

c. Roller Coating Most photoresists can be successfully roller-coated. Steel rollers with 
rubber or similar synthetic materials are necessary, since board thicknesses may vary and 
low and high spots are encountered. Knurled stainless-steel rollers are suggested, but 
uneven board thicknesses and warpage cause problems. The size of roller coaters is a 
limitation, since the machinery is large and heavy. Perhaps the greatest problem, how- 
ever, arises from the fact that a large surface area of the resist is exposed on the rollers and 
in the reservoir. Keeping rollers and working parts clean is therefore time-consuming and 
difficult. 

A possible advantage of roller coating over dipping and whirling is that far less resist 
gets into holes and/or on the other side of the board. However, application to panel-plated 
through-hole boards would require extremely even plating or considerable sanding to: 
level surfaces. Particulate matter and air may get into the resist and may result in pinholes 
and rough spots which will not develop clean. 

Unless very fine line work is to be done, offset printing or screening using plating or 
acid resist inks is recommended. Costs are much lower, and printing and developing steps 
are eliminated, 

d. Spray Coating?" Spray coating can be done with common paint spray equipment 
(vacuum air gun*). The siphon-type units are commonly used, although airbrush sprays 
are also used. Recent equipment which does not atomize the lacquers is preferred by 
some users, 

Most of the photoresists can be spray-coated. High-solid mixtures produce thick coat~ 
ings and tend to run in streaks. It is possible, however, to thin the materials and use two 
coats rather than try to adjust the gun to produce a fine spray. 

Spraying is a good method for keeping excess amounts of resist out of holes when: 
boards are drilled and through-hole-plated. The main objections are resist loss and lack 
uniformity. High cost is generally due to overspray (the spraying carried on beyond the: 
edge of boards). Other forms of spraying (airless and electrostatic) are more economical, 
but their practical utilization with photoresists is limited. 

‘Thickness variations are caused by the operator technique and process control. Viscos- 
ity, air pressure, fan pattern, distance of gun from work, degree of atomizing, temperature, 
humidity, and daily gun cleaning and maintenance must be standardized. 

The greatest source of photoresist spray problems is the clogging of the fluid nozzle 
and/or solid particle buildup on the seat of the needle valve. Cleaning with solvent or 
resist thinner to remove all remaining solids usually corrects the problem. Intermittent 
spraying is evidence of this type of problem. 

Before spraying the work, check the pattem and adjust the nozzle until the vertical fan 
forms an ellipse at 6 to 8 in from the test panel. Panel spraying should start at the bottom 
and proceed across on a line parallel to the surface at a distance of 6 to 8 in. Air used for 

ist spraying must be free of moisture, solids, and oil. Solid-screen cartridge filters often 
used with water-trap housings are necessary in compressed-air lines. Dry nitrogen is 
preferred to compressed air, since it is generally cleaner, Pressures commonly used are 
between 5 and 20 psi. 

e. Electrostatic Spraying, Electrostatic spraying processes utilize the principle of charg- 
ing the work and the resin particles with opposite electrostatic potentials. Air pressure is 
still used to atomize the lacquer and help direct it toward the work. Considerable material 
saving is possible because of reduced overspray. The method is adaptable to automation 
with increased uniformity. Some photoresist materials can be applied by the method, but 
equipment costs are high and the process is most applicable to large-volume production. 

f. Airless Electrostatic Spraying. Airless electrostatic spraying is an improved version 
whereby air is not needed to propel the resin toward the work. Fluid is pumped to a 
rotating head, and centrifugal force carries it to the edge of the head where high 
electrostatic forces atomize it. The mist formed is highly charged and is drawn to the 
oppositely charged work by electrostatic attraction. The method virtually eliminates 
overspray losses. It is also more suitable for automation and large-volume production, but 

it has the disadvantage of high equipment costs. 


*The term “siphon” is commonly used to represent the vacuum system, although the physical 
principle is the reduction of pressure due to air forced past the opening into the liquid chamber. 
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‘ovens. Ovens and other baking techniques used to dry the photoresists properly 


J. exposure and after developing have utilized practically all heat sources: open 


flames, infrared lamps, zas ovens, electric ovens, plus others. Regardless of which method 
used, 


is |. basic conditions must exist to ensure uniform results. Temperatures must be 
controllable within +5°F and sufficient to ensure proper baking. A standard baking time 
‘must be ‘established. A common but unreliable practice is to place the boards in an oven 
Jeave them there until the operator is ready to remove them. Once proper baking is 
boards must be removed from the oven and placed in a lightproof storage cabinet 
where they can cool and wait for exposure without ill effects. 
Electric forced-draft ovens which are well insulated and vented to the outside provide 
yperature gradients of no more than =1°F. Readily available models with temperatures 
up to 200°C and thermostatic control of +1°C from room temperature to maximum are 
ired. The judicious use of filters and location of ovens are important considerations in 
‘ayoiding dust and contamination problems. Cleanliness and consistency, as well as 
‘danger, rule out the use of open flames, since photoresists are flammable and toxic. 
In selecting an oven, the largest-size panel which is expected and the quantities to be 
sed per day must be considered. A good practice is to have several smaller ovens 
Which will accommodate the largest panels rather than one large oven. This allows greater 
versatility. It must also be bore in mind that at least two ovens are needed, since prebake 
Jind bake temperatures are considerably different for some applications. Boards should 
stand vertically in the oven and with a sufficient free flow of warm air around them. The 
yertical position reduces the amount of dust accumulation. 


17. Baking before Exposure A bake cycle prior to printing is usually included for photore- 
sist coatings, particularly those on copper-clad laminates, The step starts with drying at 
Toom temperature, Prebaking is done at 80 to 120°C (175 to 250°F) depending on type and 
thickness of resist and the process steps to follow. Infrared lamps may also be used, 
Prebaking may have the effect of reducing definition and can also result in excessive 
undercut due to the brittle nature of the resist when print-and-etch boards are processed, 
A plating applications baking must be more complete to ensure against breakdown in 
lutions, 


nine peapomre) The ceca nay films has been discussed in Sec. 15. The data 

covered in this section apply to the liquid photoresists, but they m 
applicable to the dry films. crac’ mesial 
4 General. After the copper-clad laminate has been coated with photoresist and 
ete, the next step in the process is to expose or contact-print the desired pattern. In 
case of the negative-acting resists, the purpose of the printing operation is to bring 
4 iy polymerization that makes the exposed photoresist insoluble in the developer 

S. 


The ultimate in resolution is obtained by exposing with a point-type light source or 
collimated light beam. However, light sources not regarded as Point ee such as the 
‘carbon-arc, mercury-vapor, and in some cases tungsten lamps, are available and are well 
Suited for this purpose. The optimum exposure time will vary with the type and thickness 

photoresist and the distance from the light source. 

ered Printing. Matching, tooling, or indexing holes in the film and the board 

Me best means of good front-to-back registration when both sides are to be printed. 
indexing pins or holes are not used, a common procedure is that of laying the top 

tide), ee films together and lining them up on a light table (emulsion side to emulsion 
| Once aligned, the films are adhesive-taped together at one edge on a spacer strip 

wich is the same thickness as the board to be printed. Alignment is checked and 


ect ie made until correct. Spacers can be made from strips of copper-clad lami- 
lerial. 


Whe: 


m indexing is undesirable for short production runs, a greater degree of front-to- 
pebkFeaistation can be attained through the use ofa pair of tool-steel bars aligned as near 
each 4 to one-half the thickness of the boards to be processed (Fig. 6.5). At the end of 

; tere is a drilled line and reamed hole to receive a precision-ground steel 
Head Pin. The films are aligned on a light table as before, except that this time the 
te glossy side up (emulsion sides out). A microscope will be useful during 
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ee eee tape to both films along one common edge (do not remo ercial developers, are available for negative-acting resists. The positive-acting 
With indexing pins inserted into plates A and B and with plate A on top of B but with zs are ae sete by acetone, ketones, esters, and commercially available 
in or more between the two plates, insert the film edge covered with double-sided tap kali-base developers. 


‘ ef : z “ f ‘ e Joping operation is preferably carried out in a deep narrow tank with an 
Dies laa ey pe ei one ae ne eles oe i ij Be ay simcle immersion may also be used, but spraying will generally yield the 


as fi = ate in resolution. Ultrasonic agitation during immersion has been found to aid the 
eapeiiren srmeeprorecr | i ment process, Several developing tanks may be used to ensure cleanout. 
press them tightly together and thereby cause the \ INCIDENT LIGHT INCIDENT Fae 
| 


exposed tape adhesive to stick to them, 
secured, the other tapes holding the film to the 


PLATE A 
PLATE B 


‘ening table can be removed. expoaules 
Piece Double-sided panting aligning _'™ resnulsion to entulsion (both fiiside) if 
by removing indexing pins oe placing plate A 
with film attached, under plate B and then again replacing the indexing pin. H T RESIST RESIST RESIST 
arrangements also will HOE but more loose play is involved (clearance tolerance allo RESIS tt tye Ntttts EXPOSURE 
movement), The film must allow a holding area at the edge. q METAL-CLAD LAMINATE METAL-CLAD LAMINATE 
Aligning emulsion to emulsion, punching, and then attaching to the frame with secured 1 | | | 
indexing pins is also a method used. ——$-_—_};_—_ SSS 
Still another technique is to line up the negatives over holes, tape in place at one I | | | 
only, and then slip the positive between the negative and the board, align the positi | | 1 ! 
with the negative, tape, and remove the negative (Fig. 6.6). F I | | | 
e. Coving, The ultimate in fine-line resolution is affected by the light-scattering proc | | | | 
during exposure. Positive- and negative-acting resists can leave a small rounded b | COVING | I 
comer between the developed resist and the surface coated. This is referred to as a \ 
, i RESIST ap RESIST 
TAPE INDEX PINS 2EACH DEVELOPMENT 
METAL-CLAD LAMINATE METAL-CLAD LAMINATE 
TOP FILM 
(0) NEGATIVE-ACTING (b) POSITIVE ACTING 
PHOTORESIST PHOTORESIST 
Fig. 6.7 Coving of negative- and positive-acting photoresists. 
BOTTOM FILM 


‘The time for the developing operation is dependent upon the type and thickness 

st, the developer, and the method used. Typical times are about 2 to 3 min. 
a. Rinsing. After the developing is complete, the coated substrate is thoroughly rinsed 
‘in the developing solution, TCE, xylene, or acetone. A deionized water spray rinse or a 
e bath followed by a water rinse completes the developing operation. 


Gm e ; ‘ J b. Dyeing. Dyeing is used to reduce retouching time on regular printed boards either 
coving.” It is due to diffusion of light under the film from a side-angle source and or print-and-etched. When the ultimate in fine-line images or the best in chemical 


reflection from the copper surface. Coving may be minimized by using thinner coats 0 stance is requi ing i i 
. Rew iean: ae es i quired, dyeing is not recommended. Techniques using photographic 
pips keeles, unlctisctionall lighting. andl! prover; spriying ar spinning epecds aia “Wevelopers with silver have been used in place of dyeing, but they involve problems of 


avoiding predrying and light exposure. ee vet ive ee ; 
‘The reverse action is observed for the positive-acting resists. For that reason posi mizast, sflver contarsinetion, and discoloration, 


acting resists should provide somewhat better registration. Those effects are ilh 
Fi 


Fig. 6.6 Photoresist exposure jig for double-sided printing. 


20. Baking after Developing For certain applications, a postbake may improve the chemi- 

ig. 6.7. i 4 if 5 q tal resistance of the photoresist image during plating or etching operations. An air- 
d. Work Area Requirements. A major requirement is that the exposure operation must be ting oven is used for the purpose. Temperatures and time vary with the type and 

carried out in a dust- and contamination-free environment. This is necessary not only t- ess of resist. The value of the postbake must be determined in each application, 

have perfect reproduction of the pattem but also to reduce the damage caused by Proll attack adhicalon of the vesise Te generally le net requived on printendaeen 

actus) contact of the film and substrate. Projection printing would eliminate the ©opper-clad laminates, Retouching is Sone prior to postbake operations. 

problem, 

When the film positives or negatives are received for printing, there is little that can be 
done to correct mistakes or oversights in artwork or photography. Corer rounding (fille 
formation) due to distortion in the optical system, density of film, definition, fine sha 
lines, payed sides of internal squares, ete., must be allowed for or included in n 
artwork.* 


21. Removing Resists (Stripping) Removal of resist image is carried out after the required 
ng or etching steps. Stripping of resist is detailed in Chap. 8. 


22 Photoresist Facility A typical layout of a photoresist area is shown in Fig. 6.8. 


19. Developing ‘The developing operation consists in the removal of the soluble photore- SCREEN PRINTING 


sist material. Which developing solution is used depends upon the type of photoresist 


23. General i inti ci P --cost 
Various solvents, such as TCE, mixtures of alcohol and Stoddard solvent, xylene, i Spies tects OE sore inant are toeaticalany Ss pbOls 2 Ney 


P¥intand-etch and plated printed boards, when the ultimate in resolution and definition 
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j ? ider that photostencil line width will increase slightly over the photo- 

= ee a Py “COM in elas is that the stencil material be water-soluble and not be 

ee by organic solvents, particularly ifa vinyl-based resist lacquer is to be used. This 

resist ‘uses lacquer thinners, ketones, or chlorinated hydrocarbons for solvent ; 

Tre following is a typical process used to make the screen ready for printing. Standardi- 
Hon is recommended, since it is essential for consistent results, 


xozmo 


CLEANING 
AREA : 

@™) Purpose. This process establishes the procedure to be followed in screen preparation 
4. Pep ror chemical-hardenable, presensitized photostencil film. 


| 


EXPOSER R ‘Material and ipment Required. 
ae Saar DRY SCAN 1. Silk, lon or wire cloth mounted in a printing frame. Wash screen by using a fine- 
FILM | EXPOSE 1 x Je brush and fine abrasive cleaner, Cleaning must be followed by thorough water 
e AREA ex | e inaking certain that no particles remain in the mesh. Air-dry. 
BENCH BENCH reed H L wD, Specific photosensitive film being used, including the manufacturer, is to be 
z 0) mpletely identified and entered here. 
‘i com. Vacuum table printer. (Specify type and manufacturer.) 
} | 4 lock-out tape. 
BK a a Blockcout resin. (Specify type and manufacturer) 
i | 6, Stiff plastic squeegee (2 in long). 60 to 65 Shore durometer. 
f TOUCH - UP 4 7. Developer. Specify type and manufacturer. Mix according to manufacturer's 
j irections. 
: le eee | $8, Brush with a fine-bristle brush. 
i j 9. Build up board, which fits loosely inside the frame area. 
FEED- | 
e THROUGH A 
q - J BENCH BENCH 
FEED- R 
THROUGH ' 
R | LIQUID ool SCREENING 
BENCH | gc | A] PHOTORESIST R 
& | AREA Y 
BENCH ° 
AIR v | BENCH | SCREEN | BENCH 
a if BENCH ee t 
: aR 7 
E ae AREA 
R re | 
A STOCK ROOM t RACK | RACK | RACK | RACK 
K g i 
R 7 R R A t 
i A cle A ROLL 7 ie 
€ KIK is ein BENCH " 


a Fig. 6.8 Photoresist area layout. 


are not required. Basically it is a stencil operation which depends on the transfer of a resi 
to »pper-clad laminate surface using a stencil image which is the circuit design. The 
stencil is firmly attached to the surface of a silk, nylon, or stainless-steel screen stretch 
drumhead-tight on a frame suspended a short distance above the laminate. 

When the direct emulsion process is used, the stencil materials are poured onto 
screen and then squeegeed through the mesh, where they dry and are ready to expose an 


a be developed. Resist is forced through the open areas of the screen and onto th TOUCH-UP AREA 
F laminate by the wiping motion of a rubber squeegee. Additional references on the more 
; common aspects of screen printing may be consulted.22* 


i 24. Screen Area Layout A typical screen printing area layout is shown in Fig.6.9. BENCH BENCH BENCH 


25. Preparation of Presensitized Stencil Screen masking is carried out by transfer of a 


photographically developed stencil film from its temporary backing to the screen. It is Fig. 6.9 Screen printing area layout. 
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©, Procedure. “pibber draw-down cover that conforms to the inside of the chase when the vacuum is 


1. Place the stencil film with ic si i expo! othe nie : 
eecneue nines foun hubs crete ce ae ian eA “7 Be eveloping after exposure aS simply a seas pice = peenR I ae 
ic positi i . i i i are clean. The screen is then with lint-free newsprint. & 
eee the photographic positive or negative on the stencil film so that the image ‘ae blowing across the surface speeds drying. Hot air used to speed up 
3. Close exposure frame and start vacuum. dn cause shrinkage problems. The dry screen is Senses e Le ORY es 
4, Once vacuum is drawn, inspect to make sure that the two films are tightly preseiil Nee ee eel nlintlhae pail 
i it in thi 2 uni \s 

i ea Sais cue Ws she potnpssplue et leet opty 7 a (0,005 in. his system is essentially the same as the frst one ee except the ivan 
u is i b , and is easi f the material is cut over the size to be 

5. Tum table over and expose for the time determined by test exposures. is in dry form and is easier to apply. A sheet o} cut 0 
6. When exposure is completed, tum table over, tun off vacuum pump, and remove Bes ce essnlson sidetp ons plete ces sunror thatieallphtysevaller ihe 
stencil film. Overexposure is indicated by the formation of tiny blisters on the film and the inside of the chase. The chase is place on ae of Ap spc , 

oor adhesion to the base. ‘The underside of the screen is in contact wil emulsion film. * 

.: the liquid emulsion that comes with this type of material or sensitize 


7. Immerse the stencil film in the prepared tray of developer (see Material an Next sensitize th : res i pease 
Equipment Required, 7) with the emulsion side up. Developer has a one-day life. with ammonium Biot) according to pee eae aoe NCAT Gomera 

8, Make sure film is immersed; then rock the tray back and forth continuously for 3 emulsion in contact wit screen, pour Asa 8 Mea heer tia oak 
s to 1 min maximum, Spent developer causes film to wrinkle and float off plastic she and squeegee across in one pass using a rounded squeegee. Bloc pe 
backing. ‘mesh with the same sensitized emulsion. 


n ready to expose, follow the same procedure as outlined in the preceding sections. 
Beces of these techniques can be used for thinner films. Once exposed, the paper, 
vinyl, or polyester ore sheet is removed. The image is exposed, developed, and 

1 as described. 
inte polyvi ] acetate system is used because it ensures that the emulsion will not 
retract to the wires in the mesh and thus leave a sawtooth effect. 
Weak points in the polyvinyl alcohol system are as follows: 
1, The wire may not be entirely surrounded by the emulsion. 
2, Compared with other systems, emulsion washout is slow. 
3. Support of underside of screen during washout is awkward, 


9. Remove film from developer and immerse in warm water (about 110°F). 
10. Wash until the design comes completely clean. 

11, Water-spray using warm water (110 to 15°F). 

12, Place wet film, with the plastic side down, on clean, smooth, flat surface. Us 
buildup board. Frame edges should not touch surface. 

13. Place the screen over the film in position desired and press lightly. 

14. Using clean newsprint (not newspaper) or paper towels, blot lightly. Use enoug 
blotting paper to remove excess moisture from the film. 

15. Airdry the film. Forced drying will cause excessive shrinkage and distortion. 

16. When the film is dry, peel off the plastic backing sheet. (Ifthe sheet does not p 
off easily, allow further drying.) Handle photographic film by edges only. 


ing sl ‘| $ sit . i 27. Removing Screen Stencils The stencil materials which hold up best during printing are 
Sen ee tigaccen vial the most difficult to remove, especially those that are baked. Direct emulsion stencils can 


benzene to remove the adhesive residu be removed from nylon, polyester, and stainless steel (not silk) by using sodium hypochlo- 
d, Conversion of the Stencil Film. (Heat-hardened type only.) rite (bleaching solutions) or mixed solution of 20-volume hydrogen peroxide and sodium 

1. Oven-bake at 325 to 350°F for 10 min or follow 2, below. hypochlorite. Soak, brush, and use high-pressure hot-water spray. 
2. With household iron set at “wool,” using backup block, iron film side until Gelatin base emulsions are used on presensitized sheet films and can be removed from 
color turns purple. stainless steel, nylon, or polyester materials by using sodium hypochlorite or commer- 
ar Solvent conversion is possible but is not so desirable as ironing, since dimensions | cially available enzyme strippers. Avoid burn-out techniques. 
may change. 
¢, Blocking Out. Block out area around pattern using a water-soluble block-out. 
coats are applied evenly with a small squeegee. 


Ff. Removal of the Stencil Film from Screen After Using. 
1, Spray with hot steam until all the stencil dissolves and washes away from the” 
metal fabric. Removal from silk is not practical. 


28. Silk-screen Frames 
4. Wood. ‘The lowest initial cost frames are made of kiln-dried white pine. They are 
telatively light in weight, and warping is minimal. They are used with silk or nylon 
ies. Print-and-etch boards with wide tolerances can be made by using these frames. 
Problems common to all wood frames include maintaining uniform tension, staple dam- 
2, Scrub both sides, using a small amount of abrasive cleaner. lige with consequent repair time, and dimension instability. 


3. Rinse thoroughly and blow dry, using filtered NOTE. Presensitized photosten= . Aluminum. Lightweight cast-aluminum frames are available commercially. They are 
cil is light- and heat-sensitive. Made up of two main parts: the outer frame and an inner frame to which stainless steel, 


or silk is attached by the supplier. The inner frame, called a filler, is replaceable. 
26. Preparation of Direct Stencil Direct stencils are generally made by two methods. \ Sereen is mounted and tightened by means of a flange or channel. 
involves the use of an emulsion of polyvinyl acetate and polyvinyl alcohol. The unsensi= Aluminum frames, although higher in initial cost, are longer-lasting than wood frames. 


tized emulsions, which are sensitized just prior to using, are available commercii ice stainless-steel meshes can be used and kept taut in them, dimensional stability to 
Sensitizing is done by adding ammonium dichromate. Screens coated with the sensi ser tolerances can be maintained. 
emulsion are stored three days maximum even in the dark. ©. Fabricated Alumi Anoth ilable aluminum frame is shown in Fig, 6.10. It 
Another type of direct emulsion sensitizer is a diazo compound. The diazo compounds: eri aire aii ictmislesdinchtaro tuing ati welded atemnicamn come a 
are pie we months in apes and sensitized screens can be stored for up to a nel is provided for the inner holding bars, and an outer channel is provided to 
year in the dark. Exposure time for the emulsions sensitized with diazo compound m &ccommodate th jon adjustment. Inserts for threads extend the life of 
be two or three times longer than when dichromates are used*" The direct emulsions are ec eo Sse aed fartenson eoeenen 
applied with a scoop knife or squeegeed. The screen is allowed to dry in a vertical Screen F, aaa 
position in the dark or safelight area. Once dry, the sensitizing emulsion is applied to the Sal petaiae tetera “ 
Oa hated poses i : - Standardize on one frame size large enough for the biggest panel. 
p coater. Storage in a clean drying area follows. 2U. iat = sdiulan oneinel eet 
When dry, the screen is ready for exposure. Photo film is attached to the bottom side of cen an Sees aire re ee 
» 7 " 3 Production work. Initial cost is high, but the frames have a long life. They are 
the screen. The entire chase is then put into a vacuum frame which has a thick sponge | : 
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dimensionally stable, can take the tension required for a stainless-steel mesh, and are 
inert to solvents. 

3. Tension should be maintained at a standard value. Excessive tension results iq. 
tearing of the screen and requires excessive squeegee pressures which cannot be main. 
tained by operators. Insufficient tension results in ragged-edged lines due to slow 
retrieval and poor registration. The torque value should be maintained so that the best 
print and registration are attained with the off-contact distance set an average of 0.052 in or 
less, That will vary with panel size. 

4. Screen holding bars must provide positive holding with no slipping under tension, 


ds (weft and warp) must run parallel to frame sides. Silk is unaffected by organic 

solvents, but it tends to absorb moisture and lose tautness. When restretched, the image 
adily distorted. As a consequence, tolerances are very difficult to hold. 

reat he sill screen is used, the fibers wear and fine filament strands wick. The results are 

ragged edges, poor definition, and even complete bridged strands between conductor 


Ere distance required between screen and surface being printed is, on the average, 
about 0.187 in. It results in a parallax when the screen is pressed down by the squeegee. 
Dimensional allowances may be used to retain tolerances. P 
Cleaning a silk screen is difficult because abrasives cannot be used without damaging 
fibers. Baked-on stencils cannot be effectively removed from silk. For that reason silk is 
not highly recommended for circuit printing. It may be used to print letters, numbers, 
symbols, etc. when dimensional tolerances and stability are not required. Even then, 
however, silk should not be used if quantities are high. 
b. Polyester. Continuous-filament polyester cloth which has been dyed yellow to 
ent unwanted ultraviolet light dispersion can be used instead of stainless steel for 
cost savings. Once stretched, it holds tension and dimensional stability almost as well as 
sainless steel. As with other cloths vs. wire, it covers uneven surfaces much better than 
I. 
iethe indirect stencil materials do not adhere well to polyester cloth, but the direct 
‘emulsions that surround the fiber work well. ie cloth is not eed by ett is 
such easier to handle than stainless wire, stretches to proper tension better than nylon 
. and does not sag. The yellow dye prevents ragged edges resulting from reflected 
Re during exposure. Epos time for ie cloth siccty ae a 
Nylon fabric is manufactured as a one-filament strand: It is unaflected by organic 
Bisvents used in screen printing, but it absorbs water. As is true of silk, water absorption 
results in a loss of tautness and usefulnes: 
Nylon of 196 mesh has an opening 0.0033 in in diameter, yee a ible Satta 
circuit printing. N: S sts less silk, an es not form wickin; 
sharp prints are largely dependent on the squeegee and its ais aes ee Pe ear aren anaes ne hans than silk. cleave 
use. Rubber and synthetic rubber, ‘ in thick and 2 in wide mounted in a 4% in wooden trie more rigorous than with silk, but care must be taken not to break the filament. 
handle of length that varies with the size of work to be done, are more or less standard, A ¢. Stainless Steel Type 304. The 200- to 270-mesh stainless steel is a common screen 
variety of hardnesses are available. Shore durometer hardnesses are as follows:* fabric used in printed circuit production. Because of the high tensile strength of the metal, 
Wide ao stainless-steel screens have long life, remain taut, and can be made in a finer mesh than 
50-55 Soft silk, In addition, stainless steel has good wear resistance and does not absorb water or 
2 i Screening materials. A minimum parallax is provided with a 0.050-in nominal distance 
Both the length of the squeegee extending out of the handle and the rubber thickness from printing surface to screen. Type 304 stainless steel with a wire diameter of 0.0016 in 
ieee ae bs aendardine A short-bladed, thick, soft squeegee may print the same as a is typical of the material in use. 
arder but longer and thinner one. 
Choice will vary with the operator, but for consistent results a standard s! 81. Cleaning the Stretched Screen (Preparing) The screen must be clean before the stencil 
‘The medium (Shore 60 to 65 durometer) is commonly used on fine st | is applied. In general, pumice abrasive materials are not recommended, since 
used in printed circuit manufacture. The squeegee must be wiped clea iy leave residues. Rinse thoroughly with a high-pressure water spray. Chemical 
dry after each use. Several squeegees should be used during long production runs to ¢ is preferred, Nylon and polyester fabrics can be cleaned with a soft brush and 20 
prevent excessive softening due to solvent action. They should be allowed to dry while Percent sodium hydroxide solution to saponify animal oils and greases. TSP or other 
supported by their handles so as not to put weight on the rubber. The edge must be kept alkaline cleaners also may be used. Soak for about 15 min while avoiding contact with the 
straight, with a flat end and square corners. This is a much overlooked area in printed aluminum frame. Water-rinse thoroughly. Apply a 5 percent solution of acetic acid to the 
circuit manufacture even though it is clearly recognized that straight, sharp, and s Screen with a soft nylon brush. Other organic acids may also be used with nylon. Make 
blades are required to produce clear sharp images. Simple machines also are available for Sure the stencil fabric is completely dry before applying the stencil. 
this purpose. Stainless-steel wire is surface etched to ensure clean surfaces. A variety of solutions 
The height of the silk screen table is of significant importance, since operator comfort may be used: 
has a direct relation to improvement in rejects and retouching. Generally a 36- to 40m 1. Ferric chloride 36 to 42° Baumé. Ferric chloride made up with 7 parts ferric 
standard height is adequate. Pushing vs. pulling the squeegee is an operator option. Drop- Chloride etchant 36 to 42° Baumé and 93 parts water. Apply etchant to both sides of wire 
off support should be provided at finish end. Fone minute and then rinse thoroughly. 
2. Chromic acid 10 percent by weight. Apply for 2 to 3 min, water-rinse, and dry. 
3. Scrubbing with a 20 percent TSP (trisodium phosphate) solution followed by 
Acetic acid neutralizing and thorough water rinsing. 


Fig. 6.10 Aluminum screen-printing chase. (Kressilk Products, Inc.) 


30. Screen Fabrics Stencil fabric comparison charts are available from fabric suppliers. 
a, Silk, Silk screens are in considerable use because of their cost advantage and their 
ability to take excessive pressures and not deform. For printed circuit work 16XX silk (157 
mesh) is typical; it has an opening of about 0.0034 in (diameter). 
American and Swiss silks have been found to have the best qualities of mesh uniformity 
and toughness (tensile strength). For maximum strength and retention of tautness, fabri 


&2 Exeosing Stencil The majority of screen stencils are made by using carbon-are light 
ined Stencil films are most sensitive to the blue and ultraviolet portion of the 
‘ctrum. They are handled safely in gold fluorescent or red safelight areas. 
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Besides carbon arcs, high-intensity mereury vapor and pulsed xenon are commonly 
used, A light-density—-time-measurement meter attached to the vacuum frame ensures 
consistent results. 

Uneollimated light, light reflected from the sidewalls, and diffused light from the 
polyester cover will cause some additional exposure at trace edges. These factors 
cause an increase in line width dimensions on negative printed images (pattem plating) 
and a reduction on screened positives (print and etch). Exposure wedges or other 
techniques are used to establish the proper conditions. 


33. Screen Inks Three general types of screen inks are available: Organic solvent soluble, 
aqueous alkali soluble, and permanent. Alkali-soluble inks have come into greater use as a 
result of high solvent costs and pollution standards. New developments are making it 
possible to use alkali-soluble inks in plating applications. Permanent inks of the epoxy 
variety are used for solder masking and legend printing. The two soluble-type inks are 
compared in Table 6.1. 


TABLE 6.1 Alkali-soluble vs. Solvent-soluble Screen Inks'” 
Alkali-soluble Solvent-soluble 


Primarily used for print and etch. May be used for print and etch. 
Withstands acid plating baths but not alkaline Withstands all usual plating baths and cleaning 


cleaning steps. steps. 
Can be formulated for fine-mesh screens. Can be formulated for fine-mesh screens. 
Strips in NaOH solutions. Stipe in chlorinated solvents or other organic 
solvents. 
Stripper is cheap, disposable, and presents no Solvents are expensive; chlorinated solvents are 
health hazard or air pollution problem. somewhat toxic; other solvents are flammable; 
all are pollutants. All these problems are 
controllable. 
Can be used with acidic or alkaline etchants, 
Most inks require forced drying and baking. 


‘Used with acidic etchants. 
Some inks air-dry; others require forced 
dhying. 


Although commonly referred to as resist inks, the materials used to print circuit boards 
are, for the most part, more like resins. 

a, Resist Resins. Screen inks generally have a vinyl base, although oil, cellulose, and 
asphalt resins are available. In some cases baking is required to achieve the best chemical 

istance. Resists for use in screen printing, regardless of type, must have the following 
requirements: 

1. Chemical resistance to the various cleaning, plating, and etching solutions under 
the actual processing conditions. Baking of the resist may be required. 

2, Viscosity and thixotropic properties must be suitable for screen printing. The 
viscosity range as measured by a viscosimeter* should be between 4500 and 16,000 cP. 
The lower-viscosity materials print thinner films and may form blurred images with some 
materials. They also have a somewhat greater tendency to form pinholes than the 
preferred higher-viscosity materials. Machine screening high-viscosity resist is controlled 
by flow rate. 

Thixotropic properties of resists are of great importance to line definition and thickness. 
‘The property of holding or regelling prevents changes in line width or pad diameter alter 
printing. When landless holes are used, the resist may be printed within a few thou- 
sandths of an inch of the hole. Without the proper thixotropic properties, resists will run 
down into the holes even when the viscosity is properly adjusted. Resins which exhibit 
thixotropic properties tend to decrease in viscosity as they are squeegeed across 
Once the shearing action stops, viscosity increases to a gel-like consistency. 

Another effect on resin rheology is called dilatancy. Materials exhibiting the effect 
increase in viscosity considerably as they are squeegeed across the board. Once shear 
action has stopped, they again decrease in viscosity and may be runny. 

The resist most suitable for fine-line, small-pad board printing combines thixotropie 


*For example, a Brookfield Viscosimeter. 
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properties in proper blend, which of course must also be adherent and chemically 
ao Se Resists must dry slowly enough to allow repeated printing without drying and 
clogging the screen. Once printed, however, they must dry in air or in an oven in a time 
suitable for production needs. It must be remembered that the metals do not absorb the 

Mists as paper does; therefore, drying takes longer and cannot be accelerated beyond 
fertain limits, Ifdrying is hurried, foaming and bubbling will occur. Well-ventilated and 
‘culating hot-air ovens are required for effective production. 

4, The printed and cured resist texture must be such that retouching can be done 
effectively. Resists which are tarlike when dry cannot be effectively removed (touched 

s) because they will smear. Those which become brittle flake off when touch-up is 
uPempted, and then a double touch-up is required, i.e., scraping off and brushing on 
Additional resist where the excess was taken off. Baking and drying after these steps 

further complicate the process. 
Ee cctocion and compatibility o€véstst to the surkice betay tinted must beigood 
Good adhesion implies the ability to maintain the original appearance throughout the 
nufacturing process. 

RM he Tosiet rast bo’ roedily and eanily seinoved with solvents whichido not 
damage the substrate or metal. 

7. To prevent metal plating over it, the resist must have a high ohmic resistivity and 
be pore- and pinhole-free. Typical thickness is 0.0004 to 0.0006 in. 

8. The resist should be colored to contrast with the surface being printed in order to 
make inspection for printing defects and retouching more effective. 

9. Good covering or spreading properties are essential. Screen openings must be 
filled easily and readily without need for excessive pressure. 

10. Resists must not dissolve screen film stencil. 

Selection of screen-resist material must be based upon the criteria listed, Oil-base 
‘materials suitable for paper are generally not suitable for printed boards because they do 
not have the required chemical resistance or adhesion. In addition, they dry with 
difficulty on nonabsorbing surfaces. 

Cellulose and acrylic lacquers are thin, very fast drying, brittle when fully oven-dried, 
and limited in chemical resistance and adhesion. They haye been used to spray the back 
side of metal sheets in processes for printing and etching. During etching the back coating 
keeps small parts from falling away. 

Asphalt-base resists lack a number of the basic qualities required of screen resists. 
Asphalt-reinforced lacquers are used. Ferric chloride, ammonium persulfate, and ammo- 
nium hydroxide etchants have been found suitable at room temperature. 

Vinyl-base resists are currently the most suitable for printed-circuit manufacturing, 
‘They generally fulfill the basic requirements, provide good screening properties, have 

hesion, and are resistant to hot alkali and cyanide solutions. The overall resistance 

to acids, etchants, and plating solutions is exceptional. In some cases, vinyl-based resists 
Will hold up in concentrated sulfuric acid and sulfuric-hydrofluoric acid mixtures, 

Because of those properties vinyl resists are used extensively for pattem-plating cireuit 

s. Processes include pyrophosphate copper, copper sulfate, copper Huoborate, acid 

and cyanide golds, nickel sulfamate, Watt's nickel, rhodium, tin-nickel, solder-fluoborate, 

the attendant cleaning and preparation. Baking at temperatures up to 220°F for about 

15 min provides maximum chemical resistance and adhesion properties in the plating 

Solutions. However, when the higher temperatures are used, removal is made more 

Aifficult. In production, a temperature of 140 to 160°F for about 15 min has been used with 

Consistent good results. Xylene, chlorinated hydrocarbons, other organic solvents, and 

ommercial products are available to strip vinyl resists. Proper venting and safe handling 

‘ures must be used. 

Solder mask formulations contain permanently cured resins. Typical screened systems 
ate epoxy-based. The usual screening procedures are followed. In this case, however, 

¥ cannot be removed for rework. Dry film solder mask materials are available. 


BA WV-Cured Resists The curing of printed circuit resist coatings with ultraviolet lightis a 


By. concept which offers air pollution elimination and reduction in energy consumption. 
“curable formulations include three essential components: a base unsaturated polymer 
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resin, a photoinitiator, and a multifunctional monomer which acts as a cross-linking agent, 
Typical photoinitiators are mercapto, ketone, benzoin, amine oxide, and phosphine 
derivatives. Photopolymerization occurs by free-radical mechanism. Interested readers 
may consult the literature for additional information2°-"- 

UY-cured resists are available as alkali- and solvent-soluble formulations for print-and- 
etch and certain plating applications, as well as permanent coatings for solder mask 
application. The evolving technology needs systems that are UV-curable, solvent-free, 
alkali-etchable, and alkali-strippable for compliance with the Clean Air Act and enforce- 
ment of environmental regulations. 


35, Wet Etchable* Certain resists that do not require baking or oven drying for their 
preparation are available. They rely on their dewetting properties to maintain chemical 
resistance and adhesion to the substrate. 


36, Dry-screen Process A dry-screen process involving the use of a thermoplastic resin 
resist and a heated metal screen also is available. The thermoplastic resist, made fluid by. 
contact with an electrically heated screen, is printed in the conventional manner but 
solidifies immediately into a nearly dry print. The postdrying and baking of the screening 
resists is eliminated. Special heat-resistant pattern materials must be used. Higher print 
ing temperatures also bring problems of resist adhesion due to the heat-sink effect of the 
copper-clad laminate and dimensional changes of the pattern. The chemical resistance of 
dry-sereen resists may also be a problem in certain processes involving vigorous chemical 
agents. 


37. Printing Resist Problems. 

1. Repetitive printed spots or voids are attributable to solids in the screen. The effect 
is normally not found on new screens unless the photographic film has pinholes in the 
emulsion, On reused screens it is attributable to incomplete removal of the old emulsion. 
Dust and lint also can be the cause. It is therefore important to do printing and store the 
resist inks in a dust-free area. 

2. A “runny” or smeared image is traceable to excessive solvent or extender in the 
resist. For consistent results, the addition of thinner and extender to resists should be held 
to a minimum. 


3. Failure to print after a number of good prints have been obtained is generally due _ 


to resist drying in the screen, When this occurs, the pattern should be cleaned out, the 
resist removed with solvents, and the screen and squeegee cleaned and dried. Thinning 
the resist may cure the problem, but the image quality may be damaged. If the problem 
persists, a better resist should be sought. 

4. Poor definition with a tendency to run under the screen is an indication that the 
resist is too thin. Poor definition, slumping, or spreading out of the printed image when 
viscosity is high indicates poor thixotropic properties. 

5. Jagged line edges which develop during printing, although credited to screening 
technique, justly belong to the screen-stencil breakdown. The only cure is to select a 
sereen emulsion which has the life expectancy required and make certain it is properly 
attached to a well-cleaned and prepared screen. 

6. Spots which develop after a number of good printings may also be attributable to 
stencil-film breakdown, 

7. Pinholes in resist are usually caused by air or moisture in the resist. Proper 
procedures involve keeping the containers well closed, mixing on a shaker, and allowing 
the resist to settle a day or two after shaking before it is used. 

8. Poor adhesion of the vinyl-based resists is almost invariably due to improper 
cleaning of the surface printed. If that is not the case, there is. a good chance that the wrong 
ae or extender has been added to the resist. The boards may be sanded to improve 
adhesion. 

9. Thin extension of printed image, commonly called shadowing, may be attributed 
to the following: (a) Board tipping, which can be eliminated by providing a firm mechani- 
cal holding. (b) Poor viscosity ad thixotropic properties of resist, although these are more 
evident in an overall running or slumping of the image. (c) Excessive off-contact distance. 


“Proll wet etchable. 
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i i s which 

distance and screen tension must be correlated to produce sharp images w! 
Gon ow-fiee. (d) Insullicient squeegee pressure or improper squeegee angle, although 
He aan also cause incomplete images. (e) Lack of an extension card spacer, called an 
‘either car ch prevents the sereen from being pushed down too far when the board edge is 


hhis is the most likely cause of shadowing. Its thickness should be that of the 
aE See ‘printed. It should be long enough and wide enough to provide positive 

xt of the entire squeegee length, and it should be mounted to allow screen open 
reas to snap clear of all printed images. 


SQUEEGEE 


SPACER EXTENSION 
CARD 
Fig. 6.11 Sketch of screen printing in progress, 


“38. Printing by Hand A sturdy copy table, the prepared screen, a hinged sereen-holding 
mechanism, squeegee, resist lacquer, spatulas, solvents, cloths, abundant clean news- 
print, masking tape, and holding trays are typical essential materials for hand screen 


‘The screen chase is mounted in the hinged mechanism and aligned by eye over the 
poard to be printed. The aligning is done by using the adjustments provided in the hinge 
mechanism or by means of an adjustable copy board. Movable copy boards are generally 
preferred, since they provide an adjustable work area, A common system used for locating 
is to drill, in the board to be printed, small indexing holes which coincide with pins 
located in the copy board. With the board held in position by the pins, which do not 

extend through the board, adjustment is made until all holes align with the screen, 
Adjustments are locked to ensure immovability. Resist lacquer of sufficient quantity to 
‘produce a reservoir for many impressions is placed at the upper end of the screen. From 
reservoir, an amount sufficient to produce a wave in front of the squeegee along its 
entire length during the entire pass is scooped away by the squeegee. Figure 6.11 
illustrates screen printing in progress. 

‘The image may be printed onto newsprint until it appears clear and repeatable and only 
then onto the board. The image produced is examined, and adjustments in alignment are 

as required. 
on of resist provides a reservoir suitable for the entire impression plus a slight 
‘€xcess. As a board is printed, the squeegee is pulled or pushed and pressed firmly across 
pattems on the screen. The squeegee and excess resist are then returned to the upper 
‘end of the screen. The screen chase is raised and held up either by a side foot support or, 
‘Preferably, by a counterweight balance. The printed board is raised carefully off the 
indexing pins and placed face up on the drying and holding rack, A new board is inserted 
operation is repeated. Once a number of boards have been printed, they are 
in an oven. Baking is continued until dryness sufficient to allow handling is 
feached. The other side is printed in a similar manner. When long-production double- 
printing is common practice, at least two printing setups and two operators are 
Tequired. That minimizes time loss. Equipment costs and space are warranted even for a 

‘small facility, 


89. Machine Printing With machine printing, various degrees of automation are possible 

ding on board design, output, and processing requirements. Screen printing is 
highly labor-intensive and skill-oriented. Automation offers decreased need for the highly 
skilled operator, high output, low cost, and the means of utilizing new technology. (See 
tefs. 30 and 31). The squeegee, resin feed, and screen raising are automatic. An operator 

'S adjustments, adds resist to the reservoir, controls the flow of resist, adjusts speed 
And pressure of the squeegee, and cleans the screen as required throughout the process. 
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As each board is printed, the operator examines it for acceptability and places it in the 
for oven drying. If the board is not suitably printed, it is placed in a rework tray. Lang 
machines are capable of producing 1000 or more prints per hour. Less expensive bench, 
models are available. The degree of precision construction of the printing mach 
determines the tolerances and fineness of printing attainable. Repeatable printing +0,00 
in in two-dimension comparison with screen and piece-to-piece variation of £0.0005 in in 
two dimensions are claimed by some machine manufacturers. Board stan i 
tooling, precision drilling operation, room conditions, and a number of other variables 
must be controlled to maintain these tolerances. 

Automatic printing machines are not without problems, which are generally conce: 
with synchronization, precision tolerance movements, microswitch maintenance, and 


feed. Bench models offer more problems because their adjustment is quite sensitive and 


varies more than with the heavier-construction floor models, Proper ink ow requires 
constant and careful cleaning. Squeegees receive considerable wear and must be cleaned 
often and changed on schedule. Excessive contact with some screen resists softens the 
rubber, Additional problems include the followin; 

1, Damaged image or cut screen. When a circuit board is placed incorrectly le 
the screen, the indexing pins hold it above the proper height or at an angle which exposes 
the board edges. When the squeegee is drawn across the board, the screen may be cut or 
the image damaged. In hand printing, the operator can feel the resistance and stop be 
tearing occu! 

2. Incomplete printing. In some cases the stroke adjustment may drift and travel and 
not cover the entire area of pattem. Lock screws must be firmly set. 

3. Printed hairlines across circuit traces. Machine printing usually involves lor 
production runs; hence the screen surface and resist lacquer are exposed to airborne dust, 
lint, and contaminations. They are filtered out by the screen and act as block-outs, 
resulting in printed hair or void lines. 5 

4, Printing of hairlines on unwanted areas may be caused by solid materials seratch- 
ing through the screen stencil, The materials may come from airbome solids but are mo 
likely to be picked up from board surfaces. Drying racks should be covered as much as 
possible and stored in a room with clean filtered air. Most airborne dust is generated 
the floor, Use only dust-, lint-, and oil-free materials for wiping the boards clean. 

5. Misregistration of print due to movement of the board. Warp and rigidity of th 
printed board make hold-down difficult to maintain. Drilled boards with snug pins 
used, Double-sided tape has been effe: 
should be removed prior to screening. 


40. Offset-Press Printing The use of printing press equipment for 
turing has a strong appeal because of the potential output capabilities. Tolerances (accu- 
racy) and fine-line-definition potential are good. Large panels can be printed, which 
allows multiple lay-ups. If three boards are printed on one panel 9 x 18 in, for example, 
the labor of handling has been reduced to one-third that of single lay-up. An extremely 
well skilled pressman is required to operate and maintain the machine. 3 

The greatest application, particularly on large panels, is in the print and etch of single- 
sided boards. Double-sided printing and mass fill-in of field area required for p! 
through-hole boards create a perplexing obstac! 

In operation, a zinc or multimetal lithographic plate picks up the acid-resist lacquer 
(ink) on the required areas. The ink is transferred from the plate to a syntheticrubber 
blanketed cylinder, which in turn transfers the ink to the board being printed. Detailed 
operation of this equipment is covered in lithography books? 

Professional lithographic personnel are required to make the plates. The preparation of | 
a plate for printing involves adjusting and controlling the flow of ink and water very. 
carefully to provide adequate thickness to achieve the definition required and the chemi- 
cal resistance. Techniques of printing and then dusting on fusing asphalt powders are 
cumbersome and inconsistent. Improper heat control can easily result in line slumping 
and a ruined print. 

The panel is placed on the bed and held in position by holding stops. Variations in 
thickness of board and warp are compensated for in the bed and rubber plate. The: 
machines are essentially constructed of cast iron or steel and so must be protected from 
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jon. Problems caused by dust and dirt contamination are similar to those faced in 
‘printing processes. The machines are large, and considerable area is needed. 
of UV-cured printing resins offers a tremendous potential for large-scale print- 


Hole Plugging An all-copper plated-through-hole board can be made by using a 
technique of filling or plugging the holes with a resist ink followed by screening a positive 
‘circuit pattern. Tin or solder can be applied to the etched board. Both alkali-soluble and 
‘olvent-soluble inks are used in the fabrication. As before, the alkali-soluble inks offer 
SGantages for pollution abatement and lower costs on the solvent-type inks. Additional 
“details for this process are given in Chap. 8. 7 

Many manufacturers of equipment and materials for image-transfer processes not 
ynentioned in the text are available, Directories and other listings should be consulted; for 
"example, see refs. 3, 4, and 32-38, 
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‘The principal printed board material discussed will be NEMA grade G-10 or FR-4; 
js an epoxy-fiberglass clad with %-, 1-, or 2-0z copper. Other materials, sometimes 
d to as exotics, will be briefly mentioned because they can significantly alter 
‘and related processes. 

gh-hole plating has to a great extent become the standard of the industry.'** It 


Tin-Nickel Electroplating . 
é 24, Function and Properties .. 
: ‘Tin Electroplating ... 
; 26, Function and Properties . 


Gold Electroplating .... 2 Throw 
26. Function and Properties . 4 “ovides a side-to-side connection with high reliability at a relatively low cost for the 
27. Acid Gold. quent soldering of components. For that reason the emphasis in the chapter will be 


i the plating of through-hole boards. 
"In the event the boards being fabricated require adherence to military specifications, 
alteration pertaining to plating may be necessary. Several references to pertinent 
specifications and their plating mandates will be outlined as the processes are 
wed. In addition to military specifica- 
s, the recent legislation regarding envi- ELECTROLESS 
nmental and effluent controls are having COPPER 


26. Alkaline Noncyanide Gold . 
29. Gold Strikes .. 
30. Function of Bath Constituents 
31. Bath Maintenance . 
‘92. Troubleshooting Gold Baths 
83. Equipment 
34, Plating Rate 


35, Gold Solderability a significant impact on the printed circuit 

Rhodium Electroplating dustry overall. The selection of a particu- PANEL PLATE PATTERN PLATE 
‘36. Function and Properties . ‘plating process must be made with ecol- 

Seseere ent puoi ios 3 ogy in mind. GoPeER Ff EGATIVE 
98, Electroless Nickel... “ Printed Circuit Plating Flowchart (Fig. PLATE TRANSFER 
39. Immersion and Electroless Gold 4) The flowchart represents the possible | 
40. Immersion Tin utes a conventional printed board may 

Plating Equipment through the plating operation subse- IMAGE COPPER 
41. Selection . nt to drilling and deburring. TRANSFER PLATE 


Additive Circuits 
42, Swell and Etch 
43, Preconditioned Laminate 
44, Full Additive vs. Semiadditive 
45, Pros and Cons of Additive Circuit Fabrication 

Chemical Safety in the Plating Shop 
46, Function 
47. Identification of Chemical Properties by Label . 
48, Solvents 


| | 


METAL ETCH-RESIST PLATE 


ECTROLESS COPPER 


It is the function of the electro- 

copper operation to metallize the 

“fl tire board with a thin deposit of copper PLATING -RESIST REMOVAL 
render the board conductive for subse- 

through-hole electroplating. “Elec- 

s” may be a misnomer, since it 

that no current is employed in the 


ETCH 


49. Acids .. 
50. Oxidizing Agents . Aeposition. In electroplating, electrons are SELECTIVE PLATING 
#1: cyanide wed from a de power source to reduce OF CONTACT FINGERS 
q ions to the metallic state. In electro- 
52. Caustic Compounds. * 
Pes eeeneny plating, the mechanism is similar but Fig. 7.1 Plating flowchart. 


‘Source of electrons is a chemical reduc- 

agent. Hence nonconductive surfaces may be metallized by employing electroless 
since the baths contain their own source of electrons. Electroplating baths cannot 

used for nonconductive surfaces because the electrons cannot flow. 


59. Copper Pyrophosphate Solution Analysis . 
54, Acid Copper Sulfate Analysis... 
58. Acid Copper Fluoroborate Analysis 
56, Solder (60 Sn, 40 Pb) Acid Fluoroborate Solution Analy 
57. Modified Watts Nickel Analysis 
58, Nickel Sulfamate Analysis 
59, Bright Acid Tin Analysis 
60. Tin-Nickel Solution Analysis 
61, Gold Solution Analysis 
62. Microsectioning 
References .... 


Electroless Copper Line Steps The electroless copper line in many large fabrication 
cilities has been automated. As can be seen from the following steps, the line is very 
Gonducive to automation: 
Ths 1 Rack boards. Boards should be so racked as to permit ready access of the solutions 
the holes. Both off-vertical and horizontal racking have been used with success. 
, 2 Clean. Many proprietary alkaline cleaners will do an adequate job; some contain 
=vating agents that are an aid in oxide removal. Electrolytic cleaning is used on occasion 
3 excellent results. 
@. Spray rinse or counterflow rinse with soft water. 
nbsp ,COPPer etch. It is the practice of copper foil manufacturers to apply an oxidation 
anecouChol “will be t to the surface of the foil. If the inhibitor is not completely removed, the result 
$ a “peeler” between the copper-clad surface and electroless copper deposit. To 
It is the function of this chapter to present in detail the plating and metallization processé Ste complete removal of the inhibitor, the copper surface is given a light etch. The 
that are currently employed to meet the demands of a quality printed board. Steps bot! chlori Ray etchant used is ammonium persulfate, although peroxide—sulfuric acid and cupric 
prior and subsequent to plating will be discussed insofar as they have a direct effect on ide have been employed with success. Ammonium persulfate is made up at a 
plating operation. The plating operation itself may affect another operation furthe 
downstream. 


"Sux srscript numbers are those of references listed at end of chapter. 
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concentration of 2 Ib/gal. The temperature is controlled at 70 to 100°F. Temperatures 


excess of 100°F can result in chemical decomposition of the solution. Immersion times g 
of the order of 2 min, or sufficient time to produce a uniform etch. The solution must 
made up daily or, in the case of heavy volume, the life of the etchant will be 3 to 4 
dissolved copper. It should be borne in mind that all etchants of this nature contain he: 


metals in appreciable quantity when they are spent and will require proper disposal. A, 


alternate method that eliminates the need for etching will be discussed later. 
5 Rinse. Spray rinse or counterflow rinse. 


6. Acid dip—sulfuric acid (10 percent by volume). This dip is required after an 
ammonium persulfate etch to solubilize any copper ammonium sulfate which may tend to 
film on the copper surface in the rinse tank, In the case of a cupric chloride e 


hydrochloric acid (33 percent by volume) is employed to remove any cuprous (Cu) 
7 Rinse. Spray rinse or counterflow rinse. At this point the copper surface should 
completely “water break”-free and have a uniform pink surface. 


8 Hydrochloric acid dip. Use reagent grade acid, 33 percent by volume, for 2 to 


min. No rinse. 

9 Activator. Several proprietary solutions are referred to as activators. Basically t 
are colloidal solutions of palladium.'~? Stannic tin forms a protective colloid 
metallic palladium. Briefly stated, it is the function of this solution to implant, on 


nonconductive surface, a precious metal site that will initiate the desired reaction 9 


plating by chemical reduction. Immersion time is usually 3 to 10 min. The baths 
maintained colorimetrically or by titration in accordance with the vendor's instructions. | 
properly maintained, the lile of the activating solution is frequently in excess of a year, 
10 Postactivator, Also available as proprietaries are postactivator solutions. The 
tion of the solution is to solubilize the protective colloid and expose the precious met 


sites for subsequent electroless plating. Immersion time is 3 to LO min. Control of the bat 


is accomplished either colorimetrically or by the area processed. 


11 Electroless copper. At this point the surfaces to be metallized with copper ar 


ready for the electroless bath, Many formulations, both proprietary and nonpropriel 
are available. The selection of the electroless copper to be employed requires con 
tion as to the following: 

a. Work load. Heavy work loads such as would be encountered with an aut 
line should employ regenerable electroless copper for maximum economy. This type ¢ 
electroless copper can be maintained for several weeks. Light work loads such 
encountered in a prototype facility or small shop should be processed in a mini 
volume of electroless copper and made up daily. 

b. Deposit thickness. Most electroless copper formulations have a deposition 
of 1.0 to 1.5 win/min, but 10 win is generally considered to be the minimum thickness | 
electroless copper for subsequent electroplating. There are instances when thicknesses\ 
the order of 100 in are required, as in additive circuits or as an alternative to a “flash” 
electroplating. As can be seen by the plating rates, the time involved with most cot 
tional electroless coppers is prohibitive. To correct that iculty, several prop 
electroless copper formulations have recently been developed to give plating rates up 
win/min. These baths are regenerable and may be employed for thinner deposits wl 
high speed is desirable. 

c. Image transfer following electroless copper. Although primary interest is in tt 


coverage obtained in the hole, the deposit obtained on the surface of the copper-clad 


board must also be considered. When a liquid resist is applied directly over the eles 
less deposit, the properties of the deposit can have a decided effect on the quality of t 
image obtained. A spongy, porous deposit will result in resist bleed- 
in the case of a high-density image, it can make the image transfer prohibitive. The 
deposit will be dense, fine-grained, and oxide-free, and various formulations should 
evaluated accordingly. 

12 Rinse. Spray rinse or counterflow rinse. 


13 Acid rinse—sulfuric acid (2 to 5 percent by volume). ‘The function of the acid is & 


neutralize the residual alkaline film from electroless copper. 
14 Rinse. Spray rinse or counterflow rinse. 


4. Postdeposition Operations At this point the electroless copper deposit is essen 
complete. There are, however, several operations a board may undergo prior to any 0 
major processing that could be construed as being part of the electroless copper line. 
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is Although seemingly insignificant, it is essential that drying be thorough, 
hes the ees of an ae espe that is of the order of 10 pin. Residual 
b Gpoisture will greatly accelerate the oxidation of the thin deposit, and the end result will 
pea void. An oxidized board also makes any inspection for image transfer quality very 
difficult. Drying can be accomplished by the employment of one of several commercial 
weyorized driers. An alternate method is to immerse the boards while still racked 
een the final rinse in a water-displacing liquid for several minutes. That is followed 
‘py immersion in a vapor degreaser with trichloroethylene or 1,1,1-trichloroethane. Both 
is are very effective in drying boards, especially for high-volume production 
2, Mechanical scrubbing. The past several years have seen the use of mechanical 
serubbing become prevalent throughout the printed circuit industry. The function of 
scrubbing is to precondition the surface of the board for subsequent image transfer and 
ing. The scrubbing is accomplished by wet brushing with nylon brushes impregnated 
‘with an abrasive. Conveyorized driers can be incorporated into the scrubber units. A 
“properly serubbed substrate presents a uniform surface on which to apply an image and 
‘ean substantially reduce the touch-up required. It should also be noted that the electroless 
copper removed from the copper-clad surface in the scrubbing operation. Following the 
"jmage-transfer operation, an anodic cleaning step prior to electroplating will make the 
“succeeding etching operation unnecessary. 
3 Panel-plate flash. It is a standard practice in many shops to panel-electroplate 
ls with several ten thousandths of copper immediately following electroless copper. 
it should be borne in mind that this is an extra operation that will require reracking. The 
function of the flash is twofold. When boards must be stored for an extended period of 
‘time and there is some probability of copper oxidation in the holes, a flash may be 
‘employed to ensure hole integrity. The flash may also be employed when a light etch is 
as part of a cleaning cycle prior to electroplating copper. That will ensure that no 
vids in holes will be caused by the light etch. The flash will be discussed further in the 
“copper plating section. 


Copper’ To enhance the understanding of the electroless 
ct m of the actual reactions involved is in order, The copper reduction 
‘may be represented by the equation 


2Cu** + HCHO + 30H- Pd cu + HCOO> + 2H,0 


4 
Cu 

+ 
Cu? 


‘The equation indicates that cupric ions are reduced by formaldehyde in a strongly basic 
“Medium. The primary product of this reaction is metallic copper, but it should be noted 
‘that the reduction proceeds through the cuprous (+1) state. An excess of cuprous oxide 
tion will cause the reduction reaction to proceed out of control. The result will be 
Hoss of the bath and a deposit of copper and copper oxide on the battom of the solution 
iner that is essentially worthless. 
ral methods are employed to inhibit the formation of cuprous oxide, The use of air” 
'#$ very effective when the air is bubbled slowly through the solution. The cuprous (+1) 
ions that do not proceed to metallic copper are oxidized back to the cupric (+2) state, 
PWhich prevents the buildup of cuprous oxide. Complexing agents for cuprous ions are 
employed in small quantities in many proprietaries to control the formation of cuprous 
®xide. Care must be taken in formulating this type of electroless copper, since an excess of 
Semplexing agent will stop the reaction completely. 
Important factor not indicated in the electroless copper reaction is the chelating 
employed for the cupric ions. To a large extent it will govern the plating rate and 
® marked influence on the properties of the deposit and the bath stability. Chelating 
Traut that have been successfully employed include amines, gluconates, glucohep- 
oad various EDTAs, and tartrates. In conjunction with chelating agents all electroless 
an alstions are particularly temperature-sensitive. In some instances the plating rate of 
ctroless copper will double for every 10°F rise in temperature. Too high a tempera- 
On th, easily result in a runaway reaction and subsequent decomposition of the bath. 
'¢ other hand, too low a temperature will result in a bath that will not react at all. As 
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can be seen, scrupulous attention must be paid to the vendor recommendations re 
temperature. Most baths operate at a temperature of 70 to 80°F. 

As indicated in the reaction, hydroxyl ions are essential. Most electroless copper 
operate with a pH in the vicinity of 12. In some instances a bath may be stored 
lowering the pH to 8 to 10 with 10 percent by volume sulfuric acid. 

Copper, formaldehyde, and sodium hydroxide are consumed in the reaction and my 
be replenished. Replenishment solutions are based on the usages plus some consi 
tion for drag-out. Most vendors have developed color standards as a simple method of 
measuring the strength of the bath. A limit must be placed on the area processed through a 
given bath, As can be seen, formates accumulate as a natural product of the reduction, 
Copper sulfate is usually employed as a source of copper ions, and that will eventuz 
lead to a precipitation of sulfates as a sodium salt. The by-products will eventually 
the bath inoperable. 

Two typical electroless copper formulations" are as follows: 


a Copper sulfate 29 g/L 
Sodium carbonate 25 g/L 
Rochelle salts 140 g/L. 
Versene-T lg. 
Sodium hydroxide 40 gL. 
Formaldehyde (37%) 150 g/L. 
pH 15 
‘Temperature 70°F 

b Copper sulfate wl. 
Sodium gluconate 60 g/L. 
Sodium hydroxide 20 g/L 
Formaldehyde (37%) 25 y/L. 
pH 15 
Temperature 75°F 


reaction on a nonconductive surface. Once copper has been deposited, the reaction is 
autocatalytic. It should be mentioned that most precious metals will act as catalysts for the 
reaction, Palladium has been widely used primarily because of its adaptability to the” 


nonconductive surface has been previously mentioned. 

The classic method of activating nonconductors has been employed successfully 

printed boards. It consists of two solutions. One is a sei i 

Stannous chloride 30 g/L 

Hydrochloric acid 30 g/L. 
The sensitizer is made by first dissolving the stannous chloride in concentrated hydro 
chloric acid and then diluting to the proper volume with water. 

The second solution is a supersensitizer: 

Palladium chloride 0.25 g/L 

Hydrochloric aci 1 g/L 
The supersensitizer is made by dissolving the palladium chloride in concentrated hyd 
chloric acid to form chloropalladic acid. Once dissolved, the solution is diluted to th 
proper volume with water. 

The boards are immersed in the sensitizer for 2 to 5 min. Following a thorough 
they are immersed for 1 min in the supersensitizer. That is followed by another thorot 
rinse prior to immersion in electroless copper. An examination of the system will re 
that, in the first step, stannous ions are adsorbed onto the surface to be catalyzed. 
stannous ions subsequently reduce the ionic palladium in the supersensitizer to 
metallic state and establish the precious metal sites necessary to initiate the electrol 
copper reaction. The redox reaction is represented by 


Sn“ + Pd“? Sn“ + Pd? 


Although this system is very effective for catalyzing most nonconductive surfaces, there 
are two reasons why colloidal systems are preferred on printed circuits. 
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a. The stannous tin solution will form an inorganic polymer as the solution ages. Tt 
acts as a parting compound, and the final result will be a “peeler” with bond failure 
etween the electroless copper deposit and the surface. f 

b. In addition to the nonconductive surface, consideration must be given to the 
effect of the activating system on the copper-clad surface. Palladium, when in the ionic 
form, will displace metals less noble than itself and will plate out by immersion. Such is 
the case with the classic activating system. That, in turn, will rapidly deplete the 
palladium in the supersensitizer. In contrast, in the colloidal system, since the palladium 
js already in the metallic state, no displacement can occur. 


6.Special Considerations ‘This section concems materials that require handling other than 
that normally carried out in the electroless copper line. 

1 Multilayer boards." The function of the electroless copper deposition is to provide 
side-to-side electrical continuity as well as connection to the innerlayers, 

a. Eichback. The primary modification in the electroless copper line to be made 
when multilayer boards are processed is the incorporation of an etchback process. The 
function of etchback is to ensure an integral copper-to-copper bond between the layer 
conductors and the electroless copper deposited on the hole wall. A by-product of the 
drilling operation is an epoxy smear on the inner-layer conductors. An electroless copper 
deposit over a smeared conductor can result in an open circuit. Although drilling equip- 
ment and technique can minimize epoxy smear, a standard practice of many multilayer 
board fabricators is i employ some form of etchback for insurance. Several etchback 
variations are available: 

Sulfuric acid-hydrofluoric acid. This mixture (1:1) is employed at elevated temper- 
‘atures (120 to 140°F). It will attack both epoxy resin and glass. 

Fluorosulfonic acid. This acid is used to attack epoxy resin. 

Sulfuric acid-chromic acid. This is a strong oxidizing mixture available as a 
proprietary. It is designed to etch epoxy with a minimum amount of residue. 

Concentrated sulfuric acid. This is employed at room temperature and will remove 
epoxy resin by charring. The acid will absorb water from the atmosphere and gradually 
lose its potency, which necessitates periodic changes. 

Etchbacks are generally employed as a first step in the electroless copper line. Opti- 
‘mum immersion times will have to be determined by the user, since all resin systems will 
not react the same. After the etchback step, the boards should be given a thorough rinse 
ree ee in an alkaline cleaner to ensure complete neutralization of any 

ual etchback solution. 

Although safety should always be rigidly enforced in the plating shop, special consider- 
attion should be given to the properties of the etchbacks. 

b. Electroless copper. Following etchback, conventional processing is employed 
through the electroless copper line. Several sections should be made of boards processed 
beyond the electroless copper step, and a panel should be electroplated to ascertain the 
‘duality of the interconnection obtained. 

2. Thermoplastic and thermosetting plastics. Besides epoxy-glass, there are a num- 

T of copper-clad insulators that may require through-hole plating, They will vary greatly 
With regard to the fillers employed, chemical resistance, machining properties, and 

‘rature resistance, all of which can significantly affect processing through the elec- 
troless copper line. Materials that are attacked by solvents must not be subjected to 

‘greasing operations. Heat-sensitive substrates and adhesives may require low-tempera- 
ture cleaning methods. Materials that are difficult to wet may require the use of a 
Proprietary conditioner or some changes in the activator system or possibly both, As can 

Seen, before any firm cycle for depositing electroless copper on a new substrate can be 
€stablished, a thorough evaluation must be conducted. 


7. Troubleshooting the Electroless Copper Line The following data are intended to be a 
Buide in troubleshooting the electroless copper line. 

Voids. A lack of electroless copper in a hole is called a void. A void may be partial in 
Sne hole or in all the holes ofa board. The causes of voids can be many and are varied. It is 
Mossible that the cause is not in the electroless line itself but instead is incomplete final 
ig or storage in a corrosive atmosphere that results in oxidation of the electroless 
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copper. Trapped bubbles can be responsible for partial voids; they are more prevalent in 
electroless copper plating when hydrogen is generated during the copper reduction. 4 
combination of improved racking and agitation should solve the problem. 

‘A significant reduction in temperature can lower the plating rate of electroless copper to 
such an extent that the copper will be barely discernible. The resultant deposit will lack 
continuity and will be unsuitable for subsequent electroplating. The effect is essentially 
void. Strict monitoring of temperature controls will correct the situation. The plating rate 
can also be adversely lowered by overdepletion of the bath constituents. Strict monitorin 
of the bath in accordance with vendor instructions for replenishment will serve to 
maintain a uniform plating rate. : 

‘The activators employed for establishing the precious metal sites to initiate el 
plating can become so depleted that no deposit will be obtained and a void will b 
obtained instead. The activators can be checked for strength either by titration or colori- 
metrically and their depletion thereby avoided. 

Voids can occur on multilayer boards if any residual etchback is not neutralized. The 
retained etchback will leach out in processing and prevent electroless depo 

2 Electroless copper decomposition. The decomposition of electroless copper is 
sometimes referred to as triggering, It consists of a rapid plating out of the copper from the - 
electroless solution. Essentially, the copper reduction proceeds out of control; once 
begun, it is difficult to stop. The end result a copper-plated tank. This is a costly 
phenomenon, since, in addition to stopping the line and downtime, an expensive solut 
must be replaced. On very rare occasions the triggering of an electroless copper bath e 
be attributed to an error in formulation, but the prime factors are inadequate process: 
control, technique, and maintenance. Excessive activator drag-in is the most likely cause 
of triggering. Inadequate rinsing and poor racking are the largest causes of activator drag- 
in, Racks should be so designed as not to trap any solutions. 

Foreign metallic materials and copper fragments are conducive to initiating decomposi- 
tion, Although minute quantities of the metallic materials cannot be completely avoide 
daily filtration by an all-plastic filter with a polypropylene cartridge capable of remo 
particles over 10 jum in size will minimize their effect. Areas of the electroless copper t 
that come in contact with either boards or racks may have some electroless p! 4 
initiated on them. That can contribute substantially to solution depletion. In addition to” 
filtration, it may be periodically necessary to pump the tank and etch away the p! 
sites. 

Just as low temperature can contribute substantially to a low plating rate with a roo 
temperature (70 to 80°F) formulation, so too high a temperature can be a principal cause: 
decomposition. When there are wide fluctuations in temperature, a thermostatic 
controlled jacketed tank has been found to be very helpful in maintaining a uni 
‘temperature, 

3 Copper-to-copper bond failure.” A 
surface and the electroless copper deposit will in many instances not be detected unt 
final electroplating has been completed. If that is indeed the case, the area of the bond 
failure must be isolated if the problem is to be corrected. One test method that has been 

ed with success is to apply a drop of 10 percent ammonium persulfate to the undersid 
of the “peeler” and to the copper substrate. The surface having electroless copper will, 
tuin black within 15 to 30 s, The change is due to residual palladium from activation. 
both surfaces turn black, the surface having the darker deposit will usually be the one 
having the electroless copper. The situation will occur occasionally because of the 
relatively poor cohesive strength of electroless copper deposits. If the indication is th 
the electroless copper deposit is still on the substrate, the electroless copper line may b 
eliminated as the source of the bond problem. 

If the electroless copper is on the underside of the peeler, then the bond failure is 
between the electroless copper and the copper-clad surface. That indicates the problem is 
probably in the electroless copper line. A discussion of probable causes follows. 

Cleaning can always be a problem in any plating operation. As indicated previously, it 
is a standard practice for the copper foil manufacturers to employ an oxidation inhibitor on 
the surface of the copper foil. When the foil is subsequently heated in the laminate- 
pressing operation, the inhibitor can become extremely difficult to remove by conven~ 
tional cleaning methods. A light etch as outlined above is employed to undercut the 
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jnhibitor off the surface. The etch employed may in a loose sense be considered part of 
the cleaning operation. Following the cleaning operation, a water-break-free surface must 
he obtained before processing proceeds further. The presence of an organic contaminant 
ean easily result in the lifting of subsequent plating. 
Residual etchant and oxidation products resulting from the cleaning operation can be a 
cause of bond failure if those materials are not removed. In the case of a ammonium 
sulfate, a thin film of the double salt copper ammonium sulfate will form upon water 
Fnsing. The film formation can be minimized by warm rinsing prior to immersion ina 10 
percent sulfuric acid solution. If available, the substitution of sodium persulfate for 
ammonium persulfate will greatly minimize the problem. 

“The use of cupric chloride for a light etch can also produce a film that can cause bond 
failure. In this instance the fil a cuprous oxide. It is removed in a 33 percent 
hydrochloric acid solution. A quick check for complete removal of the cuprous oxide film 
consists of immersing a panel in an alkaline cleaner. The appearance of a yellow film 
{ndicates the presence of a cuprous oxide film. 

As indicated previously, the function of the postactivator is to act as a tin solubilizer and 
‘expose precious metal sites. Saturation of the solubilizer with tin will allow tin to remain 
fon the copper-clad surface and cause bonding problems. There is also an indication that 
tin may be a factor in causing electroless copper decomposition. Adequate rinsing will 
prevent saturation from occurring prematurely. In addition, the area processed should be 
monitored so that the solution is periodically discarded. 

It is essential that raw chemicals, particularly acids, be free of contaminants that could 
become a problem source. Plasticizers, miscellaneous organics, and metallics that are 
occasionally introduced by repackaging will readily cause bonding problems. 


PANEL AND PATTERN PLATING 


8. Function At this point a thin deposit of electrol s established metal 
continuity through the holes. It is the function of the next plating step to build up the 
metal deposit in the holes to a minimum copper thickness of 0,001 in. This may take one 
of two routes, commonly known as panel and pattern plating. Panel plating consists of 
copper plating the entire board area including holes immediately following electroless 
copper. A negative circuit image is then applied and one of several metal-etch resists is 
plated onto the exposed copper. Pattern plating consists of plating only holes and circuitry 
with a minimum of 0.001 in of copper followed by the desired metal etch resist. That is 
accomplished by applying a negative circuit image following electroless copper plating, 


9.Panel Plating The following steps detail a typical plating cycle for panel plating. Panels 
are received directly from the electroless copper line and are racked for electroplating, 
1. Clean, Alkaline or cleaners. 
2. Spray or counterflow rinse. 
3. Acid dip. HCI or H;SO, (30 percent by volume). 
4. Spray or counterflow rinse. 
5. Copper-plate 0.001 in to 0,003 in in holes. A mat finish is preferred in this 
instance as a base offering good adhesion in the subsequent image-transfer process. 
6. Spray or counterflow rinse. 
7. Dry. This may be accomplished by any one of several means. Air drying by hand 
is probably the least desirable, since it is time-consuming and expensive, A water- 
‘placing liquid followed by a degreasing operation has been employed with success, 
‘re are several conveyorized driers that employ air knives. In addition, there are 
Combination scrubber-driers that dry as well as condition the surface for an image-transfer 
Process, 
8. Apply negative image. Silk screen, dry photosensitive film, or liquid photoresist. 
9. Bake if applicable. 
10. Rack for electroplating. 
a Alkali-clean (soak or electrolytic). If electrocleaning is used, anodic cleaning is 
Slips Care must be taken not to damage the plating resist by rigidly controlling 
er concentration, temperature, and current density. 
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12. Spray or counterflow rinse. 
13. Light etch with ammonium persulfate. The employment of an etch is optional; it 
ensures complete removal of any residual photoresist. 
14. Spray or counterflow rinse. 
. Acid dip. Sulfuric acid 10% by volume. 
. Spray or counterflow rinse. 
. Plate metal etch resist. - 
. Spray or counterflow rinse. In the event the final metal etch resist is gold, a drag- 
out rinse should be incorporated in the line. 
From this step onward, standard stripping and etching procedures are followed. 


10, Pattern Plating The following steps detail a typical plating cycle for pattern plating, 
Panels from the electroless copper line go directly to image transfer. 

1. Apply negative image. Silk-screen dry photosensitive film or liquid photoresist, 

2. Rack for electroplating. 

3. Alkali-clean (soak or electrolytic). Anodic electrocleaning is preferred if the 
image-transfer process employed was a photoresist process. That will ensure the removal 
of any residual not removed in developing. Care must be taken not to damage the 

by rigidly controlling cleaner concentration, temperature, and current density. 

4. Spray or counterflow rinse. 

5. Light etch. This step ensures the removal of any residual photoresist not already 
removed in developing the image. In the event a conventional electroless copper of the 
order of 0,000010 in has been applied, an etch is not recommended. A flash panel plate or 
heavy electroless deposit of at least 0.000100 in of copper must be applied before any form 
of etching is incorporated into the cycle. 

6. Spray or counterflow rinse. 

. Acid dip. Sulfuric acid 20 percent by volume. 
. Spray or counterflow rinse. 
). Copper-plate 0.001- to 0.003-in in holes. 
). Spray or counterflow rinse. 
. Etch resist metal plate. 
. Spray or counterflow rinse. In the event the final metal etch resist is gold, a drag- 
out rinse should be incorporated in the line. 
From this step onward, standard stripping and etching procedures are followed. 


11. Comparison of Panel and Pattern Plating 1 Copper plating. The largest single differ 
ence between panel and pattern plating occurs in copperplating. In panel plating the 
copperplating is completed prior to any image-transfer process. In pattern plating most of 
the copperplating is accomplished following image transfer. 

A significant effect on circuit size is produced by pattern plating. The width of circuit 
lines and pads normally increases on each side about as much as the surface thickness 
during plating. That is, a 0.001-in plated surface thickness will increase line width 
approximately 0.002 in. On dense circuitry, where tolerances are critical, cireuit 
must be allowed for when the master layout is made. Since no resist is present in the 
copperplating phase of panel plating, contamination from organic resists is eliminated. 
Isolated high-current-density areas that are prone to “burn” in pattern plating are not 
present in panel plating. Fewer steps are required in pattern plating. Less power is 
consumed, and material usage in copper is substantially reduced. Current density must be 
carefully controlled, especially when the plating areas are not uniformly distributed. 

2 Metal etch resist and etching. A large portion of the copper plated in panel plating 
must be etched away. In a typical operation in which 1-oz copper-clad laminate is u: 
and the holes are copperplated to 0.0015 in, the etching requirements are doubled. That 
in turn doubles etchant consumption, etchant time, and waste disposal and greatly 
increases the chance of unacceptable undercut. To minimize the effect of undercut in 
panel plating, a heavier metal etch-resist deposit is sometimes employed. It will to some 
extent aid in locking in any overhang from etching. 

It is apparent from the foregoing that the excessive etching required is the prime 
disadvantage of panel plating. The availability of %-oz copper-clad laminate and even 
thinner clad laminate may serve to alleviate the etching problem. 
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IMAGE TRANSFER AND ITS EFFECT ON PLATING" 


42. Discussion Image transfer consists of the reproduction of a pattern from artwork or 
photographic film onto a copper- or other metal-clad laminate. In through-hole plating a 
hegative image is applied following either electroless copper or copper electroplating 
depending on whether panel or pattem is selected. Although image-transfer processes 
may vary considerably in individual chemical and physical properties, their common 
purpose is to function as a plating resist for the particular plating process employed, 


43. Silk Screen Silk-screening is one of the major methods of applying a plating resist to a 
printed board. The name “silk” does not necessarily mean silk mesh is employed in the 
process, since nylon and stainless-steel are also used extensively. The negative image is 
formed by a stencil firmly attached to the screen mesh. The board is then aligned beneath 
the screen, and the screen is flooded with plating resist. The resist is forced through the 

n areas of the screen by the pressure of a squeegee drawn across the screen. After one 
side of the board is dry, the procedure is repeated on the other side, This is followed by a 
eure per the vendor's instructions. Subsequent to final plating, the resist is stripped, 
which leaves exposed a copper surface that will be etched away to form conductors, pads, 
and plated-through holes. 


14. Plating Problems Related to Silk-Screen Resist Prior to the incorporation of any resist, a 
careful evaluation should be made to determine the compatibility of the resist with 
existing plating processes. There are several problems that become apparent in plating 
but actually can be traced to silk-screening. 

1 Resist lifting. The lifting or breakdown of resist can have several causes. A steady 
recurrence may indicate that the wrong resist has been selected for a given plating 
process. Resists that are formulated to strip in an aqueous medium should not be 
processed through baths such as alkaline cleaners, copper pyrophosphate, or cyanide- 
based solutions. 

‘There is always the chance that a vendor error has been made. In the event a material 
has been used successfully in the past and a lifting problem has suddenly developed, one 
area to be checked is the resist itself. Most vendors will mark their containers with lot 
numbers. A switch to a different lot-numbered material will quickly indicate whether the 
problem might be in the resist itself. 

Lifting along the edges of traces and pads may indicate several problems. In the event 
electrolytic cleaning is used, too high a current density, temperature, or concentration 
may cause this type of resist lifting in the cleaner itself or so weaken the bond that the 
resist lifts in a subsequent plating operation. The excessive use of inefficient 
Solutions is a prime factor in causing edge lifting of resist. Inefficient baths such as stri 
orcyanide golds evolve hydrogen at the cathode (plated part). Gas evolution has a decided 
Serubbing action that will loosen plating resist, especially when the effort is to build heavy 
deposits. The use of high-efficiency plating baths will minimize the effect, 

Boards coming from electroless plating or panel plating into the image-transfer area 
should normally be clean, but there are always the routine handling operations that can be 
8 source of organic contamination and subsequent resist lifting. To ensure against this 
treason for lifting, adequate controls such as gloves, board storage, restricted access, and 
adequate cleaning procedures should be standard practice. 

2 Resist in holes. Resist in a hole can easily be mistaken for a void. Generally the 
tor will occur when it is necessary to strip and rescreen a board. A faulty job of stripping 
will leave a difficult-to-detect film of resist in the hole. The ultimate result will be a 
Partially plated or unplated hole. 

3 Random-plated metal specks and nodules on the board surface. Extraneous metal 
ian board surface can come from several sources. It can be a form of resist breakdown that 

cates there may be a problem with the resist being incompatible with the plating 
Processes employed. Many resists will exhibit nodules toa minor degree, especially when 

'Y are used in conjunction with acid copper. Minor noduling will normally not cause a 
Problem since the nodules will usually be removed in the etching process. 
inholes in the resist will cause nodules in plating. Occasionally they may be traced to 
i Osan in the resist. The stencil as well as the artwork should be checked to ensure the 

‘em is not in the silk-screening process itself. 
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In areas where the resist is marginally thin, too high a current density may produce 
nodules. Some “burning” in high-current-density areas may also be indicative of exces- 
sive current density. 


Both silk-screen and liquid photoresists, as applied, are relatively thin; they are of the 
x of 0.0002 in. With normal electroplating (in excess of 0.001 in), an appreciable 


4 Broken eireuits. Broken circuits or a void in circuitry will usually become apparent eT oe eine oa wit Ge dcoel oe aes 


following etching, The basic cause can be found in the artwork or the silk-screen process ‘ Eve ynows ¢ ; 5 4 
itself A fault in the astwork will produce a defective stencil that will in tom produce ey eet re ea tack types! of ie thinkiees slanted so fusca es 
deiestve image on the board plating resist. A good collimated light source will produce an image that will have 
Encounters with fibers, dust, and other foreign materials on the silk screen are frequent, ag pes ene ss Th pati ell up wlll ok espa SOs Oe 
A fine fiber extending across circuits on a screen is difficult to detect and can produce a a ae be dle nacre marae eG 
derissofvepeticus thors. The seme typeof fiver when trepped across a board cece am ls. Th use of dry film ve a plating tosist for pattem plating has a potential problem 
produce an ultimate broken circuit by acting as a resist for plating unless it is caught in ee erin te ated boise ape eee ee etch 
silk-sereen touch-up. An experienced operator will readily detect any irregularities by Bye circuitry and aes that have boon fatiod by SE ee pai 
scree pap Am, : d 
making frequent inspections of the screen and the image produced on the board, fo any subsequent etching process. This is very conducive to creating a severe undercut 


problem, especially where the board is exposed to the etchant for an extended period of 

.. The time exposed to etchant can be reduced by using thinner copper-clad laminate 
uch as % oz. The use of an additive circuit process is ideal for a dry film photopolymer, 
since etching is virtually eliminated. In contrast to the foregoing, the growth of circuits 
And pads in electroplating, although cited as a disadvantage when silk-screening and 
Jiquid photoresist are used, does have one benefit. The enlarged circuit or pad when 
& with a metal etch resist will shield the copper circuit or pad buildup from direct 
‘spnyy etching and thus greatly reduce undercut. 


15, Photoresists Photoresists are thin organic coatings that undergo a chemical change 
when exposed to light of the proper wavelength. The photosensitive coatings are classi- 
fied as negative- or positive-acting. Exposure to light will either polymerize (negative 
type) or depolymerize (positive type) the coating and thereby make the affected area 
soluble (positive type) or insoluble (negative type) in a given developer. The foregoing 
mechanism is employed to transfer the desired image to a printed board. A negative or 
positive film (depending on the type of photoresist selected) is used to permit or prohibit 
the transmission of light. Subsequent to exposure, the unwanted resist is solubilized in 
the appropriate developer. The image is now formed and may act as a plating or etch 
resist, 

Photoresist processes as pertains to image transfer for through-hole plating may be: 
subdivided into several categories. 


ELECTROPLATING 


Electroplating is the process of depositing an adherent metallic coating upon a negatively 


vided ; : av ° ) a ‘charged electrode by the passage of an electric current in a conducting medium. Normall 
1 Liquid photoresists. The standard liquid photoresist is available as either positive Bris ects tow hich mnctal sas ava beendissclvedias weoureé orinictil nee 


or negative. Developers ate either chlorinated-solvent-based or a mildly alkaline aqueous : ibe bave seni : 
solution, depending on the resist employed. The resists are applied by dipping, spraying, oe aren co asin soietallic coatings Ub han ci Bera moron 
or centrifugal force from a spinning apparatus. Following application, the res (As applied to through-hole plating, the negatively charged electrode is the printed 


per vendor recommendations and is ready for exposure. a en , : 
‘This type of resist is employed primarily on print-and-etch boards. Its use in through- es, cahode) The function of electroplating a printed board may be 


hole plating is somewhat limited by problems encountered in both stripping and develop- 1. Hole wall buildu 
ing the resist out of holes. Conduct P 

2 Modified liquid photoresists. This category of photoresist is a modification of the 3 Wearsbility” 

standard photoresist formulation. The viscosity of the resist has been raised to enable the Nb scierk séaieh 
resist to be applied by a roller coater, which is a great aid in keeping photoresist out of the: 5. Sold ability seal 
holes, Conveyorized roller coaters that incorporate an infrared curing station are available. 
They enable the rapid coating and curing of boards that are ready for exposure. To ensure 
a uniform coating free of inclusions and pinholes, rollers and working parts must be kept 
clean. 
‘The selection of a photoresist will to a large extent be determined by the existing or 
proposed plating processes. Many fa ea cipecially those that are developed in Borisideratios 
alkaline developers, are prone to break down in alkaline cleaners, copper pyrophosphate, a eee rb SL : ‘ ; 
or cyanide baths of any type. As with silk-sereen resist, excessive current and low= earl pap ecgerge ceerenoeppe ie croeaper roger 
efficiency plating baths will oe the photoresist to break down under the scrubbing Bile! cits tal’ ofteataing saronnel ie peat; micinied, will be readily 
action of evolved hydrogen at the cathode. 2¢ i i : . 

3 Dry film photopolymers. The dry film photopolymer is a marked improvement ric” a Eons eben aay eno seve Patog ickness, precious metals, 
over its liquid resist counterparts and has been incorporated into the image-t & The effect Meaty asa iat aes = ere pbs ee "ES atk 
processes of many board fabricators. The dry film is laminated to the metal-clad surface fest criteria, Many frunpe Cousin ee pee! ES Bae shoul i e part of the 
with hot rollers. It is available in varying thicknesses depending on the degree There is also the opposite Cosidecieiote what fie till Ai pile 3h ee 
chemical resistance required. The problem of resist in the hole is eliminated because Mlating process being tested? The adva effect will existing processes have on the 
there is no flow; the resist is a true dry film. Both negative- and positive-acting resists can ede ig tested? The advantages in a new process may he sufficient to 
be obtained. Developers are usually of the chlorinated solvent variety, but they may be @ 4 W. ee ng ice ‘ing Rowe one eee ‘ 
mild alkaline aqueous medium. In the chlorinated solvent category, 1,1,1-trichloroethane tated by the dees : fe a Sear an elaborate treatment facility is necessi- 
is currently used. Trisodium phosphate will function as a mild alkaline developer. erfo, en very in a testing program must, in addition to its 


man $ ils of i 5 ‘ 
Developer selection will depend on the photopolymer used. oR ice, be evaluated as to the details of its treatment to comply with pollution 


=ctio i = Any testing program should include safé ‘h issions, fammabil 
As with the liquid counterpart, the selection of a dry film photopolymer will depend on ity, and ee lude safety aspects such as emissions, flammabil- 
compatibility with existing or proposed plating processes. The photopolymers that are 5. peactivity. These data should be available from vendors. 


. The large majority of plating solutions are made up fro hemical: i 
; ! psocess : ; ‘ to which 
developed in alkaline developers are not compatible with alkaline plating processes. Hey santas aan Added. "Tha additives uilap he consisted ti be axonal bechis 


‘To accomplish the foregoing, many different plating processes are available. No blanket 
‘endorsement of any plating process can be given. This section is designed to present what 
‘Ws available and some of the advantages, disadvantages, properties, and control methods, 


16. Process Evaluation ‘To evaluate plating processes, the following areas should be taken 
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experiences accumulated by a vendor may be used to maximum benefit by a plater and ‘Ammonia is added to assist anode corrosion and add luster to the copper deposit. 
can more than offset the cost. A vendor's reputation for service in the event problems aris amonia is lost by evaporation and must be replaced by ammonium hydroxide. Ortho- 
should influence any decision regarding the implementation of a process. , ate is present in the bath as a product of hydrolysis of pyrophosphate. 


P,O7* + H,O — 2HPO;* 


CORSE Epo apenas prime contributors to orthophosphate are low pH, high operating temperature, and a 
Copper has met with wide acceptance as the base_ conductor metal in printed cine high ratio. As orthophosphate increases, bath conductivity is lowered and the plating 
fabrication. It has excellent electrical conductivity (second only to silver), is readi js decreased. Eventually the orthophosphate buildup will cause the bath to be 
plated, is low in cost, and gives highly reliable results. Copper is readily activated, "discarded. 

hence a good metal-to-metal bond is obtained between copper and other plated n Bath maintenance 

Printed Wiring for Electronic Equipment, MIL-STD-275C, states that “plated-throug a. pH. The pH of the bath must be kept within the limits specified in Table 7.1. 
holes shall be of copper and that the thickness of the copper plating in the hole shall n Depending on the ammonia content, the pH can be raised by the addition of ammonium 
be less than 0,001 in.” The three most commonly used copper solutions are pyrophos- ‘or potassium hydroxide. To lower the pH, pyrophosphoric acid is employed. 

phate, acid sulfate, and acid fluoroborate.* q b. Temperature. To ensure against excessive orthophosphate formation, local over- 
ting must be prevented. L-type heaters and heat exchangers are effective in circum- 


17, Copper Pyrophosphate'*” Copper pyrophosphate has long been a standard of venting local overheating. Thermocouples for heating control units should be checked to 
industry for fulfilling the requirements of through-hole plating. The current efficiency “ensure against overall bath overheating. 

pyrophosphate copper is nearly 100 percent, which minimizes hydrogen gassing and th ¢. Anode area. It is essential for bath performance and balance that the anode area 
ensuing resist problems. A 1:1 ratio of hole thickness to surface thickness can be obtained ‘be maintained in excess of the cathode area. Anodes must be checked frequently, 


if the bath parameters are maintained per Table 7.1. 7 5 lly with heavy work loads, to determine the extent of the anode corrosion and the 
" ed for additional anodes. It should be noted that anode bags are not recommended for 
osphate copper, 


TABLE 7.1_ Specifications for a Copper Pyrophosphate Bath d, Filtration. Continuous or occasional filtration of the bath is recommended to 


Gonaueee gL ozlgal e dirt and soluble matter. Periodic carbon treatment should be performed to 
See a Aa Femove organic contamination. 
Sais eee Tee RSO 20.33 e. Air. Only air supplied from a blower should be used. Compressor air is notorious 
eons 15-30 24 for oil contamination. An air filter should be installed on the inlet of the blower. 
‘Nitrate, NO 5-10 07-14 fi Analysis. Analysi should be made on a regular basis for copper pyrophosphate 
Siete Bred 02-04 ammonia. Heavily used baths should be analyzed very frequently to ensure the 
Orthophosphate, HPO,;* No more than 10 to 13 oz/gal balance of bath constituents. Orthophosphate content should be occasionally 
piety cadsace ecked. The procedures for the analysis are nin the process-control section, 
8: 3 Troubleshooting copper pyrophosphate. To diagnose any plating problem, the 


pH i Z 
Ratio of pyrophosphate to step is to ensure, by analyzing the solution, that the bath constituents are not out of 


copper 7.0-8.0 ¢. Common problems encountered in pyrophosphate copper may be listed as 
‘Temperature, °F 110-140 . 

Cathode current density, A/ft 10-75 if 4. Rough deposits. Foreign matter can cause rough deposits. It can originate from 
fe Citar Goce eck oh sree surface ral sources: inadequate cleaning, lint, dust, fibers, nodules, and carbon. Adequate 
node-to-cathode ratio .2:1-2.0: tration wi forei 

Anode: fe reoeaperinee n will normally remove foreign matter from a bath. 


Improper anode corrosion can result in rough plating; it is caused by too large an anode 
‘trea, a pyrophosphate-to-copper ratio of less than 6.5, or a low ammonia content. 
. Stressed or cracked deposit. Stress-cracking normally appears at the orifice of the 

The deposits normally obtained without the use of proprietary additives are semibright plated-through hole. It is detected by soldering the board and subsequently microsection- 
permitting the employment of a prepacked carbon filter for constant use to forestall an} the hole. Stress-cracking is caused by excessive additive use or by degradation by- 
downtime because of organic contamination, To have consistent functioning without Products of the additives. It is corrected by a carbon and peroxide purifying treatment, 
additives, very rigid controls must be maintained on the bath. ©. Step-plating. Step-plating, skip-plating, or fish-eye, as it is commonly called, 

Proprietary brighteners and levelers are available to be used with the basic formulation. Consists of high-current-density areas that are unplated or skipped. The condition is 
In the case of brighteners, the hardness of the deposit is increased along with the herally found around a plated-through hole and pad. It is overleveling caused by the 
reflectivity. The use of a leveler will generally soften the deposit and produce a = Use of excessive additives. The situation can be corrected by adjusting current densities 
appearance. In general, it may be said that the bath is easier to run with additives Ul the additives come back into the proper range. 
However, stress cracking and organic contamination due to additive degradation d. Pitted deposits. Pitting in a copper bath is usually due to grease or oil in the bath; 
occur, and the bath must be given a purifying treatment. “ceasion it can be attributed to the cleaning cycle. The oil source is frequently the air 

1 Function of bath constituents. Copper is present in the bath as potassium cop; 'y. Oil and grease can be removed by carbon treatment. A small amount ofa nonionic 
pyrophosphate. The compound is formed by the reaction of potassium pyrophosph € agent is beneficial in minimizing the effects of oil and grease contamination. 
with copper pyrophosphate to form the complex anion Cu(P,0;)*. &. Poor throwing power. Hole sectioning will readily detect any loss of throwing 

In addition to forming the soluble complex compound with copper, pyrophosph wet. Additive breakdown and orthophosphate buildup are the prime causes of poor 
increases the conductivity of the bath and aids in anode corrosion. Oxalate acts as a ing power. 
to stabilize the pH of the bath. Nitrate reduces the amount of polarization at higher curret f. Lifted plating. The loss of plating adhesion is usually found to be linked to 
densities by inhibiting thc reduction of hydrogen ions. The operating current density ‘ng other than the plating bath itself. The first step in correcting the problem is to 
thereby increased without the danger of burning, The nitrate content is generally added ¥ establish where the bond is failing. This will ensure the failure is not an electroless 
on a proportionate basis with pyrophosphate. line problem. 


tic, electrolytic sheet 
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Once the problem has been isolated to the copper electroplating line, the el of throwing power. Too low a temperature will lower the efficiency of the bath. To 
cycle should be closely scrutinized. Contaminated cleaners and acids are always suspe intain the proper operating temperature, the appropriate heating or cooling equipment 


Anodic electrocleaning in an alkaline cleaner is very effective in removing stub . be installed. 
soils, much more so than simple immersion cleaning. Care must be exercised an th additives that are not temperature-sensitive an increase in operating temperature 
parameters established when anodic electrocleaning is used in conjunction with mit the use of higher current densities. 
plating and a resist. 'h, Anodes. For optimum results phosphorized anodes should be employed. To 
g. Plating racks. Plating racks can be a source of multiple contamination, ‘mall copper fines that occur in the corrosion process, the anodes should be 
metallic and organic, if they are not kept in good repair. Racks are continually recycled 4 with polypropylene or Dynel bags. Cotton or nylon bags should not be used. Bags 
through cleaners, acids, and plating baths. Lifted rack coatings easily trap those solut Fauld be periodically removed, washed out, and checked for holes. New anode bags 
and can drag them through entire lines. Periodic inspection and maintenance y Siould be soaked in 10 percent sulfuric acid prior to use. 
minimize the effect. i oN. Filtration. For optimum solution clarification continuous filtration is recom- 
4 Equipment. Materials of construction for tank linings, filters, and other equipment although periodic filtration may sometimes suffice. Dynel or polypropylene is 
are given in Table 7.21. nmended for filter tubes or bags. Diatomaceous earth or asbestos may be used as a 
5 Plating rate. Plating rates are given in Table 7.5. ‘aid. A cellulose filter aid should not be used. Carbon-type filter cartridges cannot be 
in all applications, since they can remove additives. Their use should be a function 
18. Copper Sulfate” Copper sulfate is one of the copper-plating baths classified as system employed. 
copper, Sulfuric acid is added to the copper sulfate bath for conductivity. These are © d. Agitation. As indicated for pyrophosphate copper, only blower air should be 
two main constituents of the bath, and they are relatively easy to control. Historically th used for acid copper. The degree of agitation will depend largely on the surface area and 
copper sulfate bath has been in use for many years, but until recently its use on pr f the boards in the bath. Close spacing will usually require more vigorous 
boards has been somewhat limited owing to poor throwing power. ion. The agitation should be kept as uniform as possible. In some instances cathode 
The deposit obtained without additives is generally dull, soft, and somewhat coarse; | agitation has been used beneficially in conjunction with air agitation. 
can be significantly altered by the use of additives. The additives can be effective in gr __ ¢. Analysis. Analysis should be made on a regular basis for copper, sulfuric acid, 
refinement, leveling, and hardening and as a brightener or a means of increasing d chloride content where applicable. The use of the specific gravities in Table 7.3 will 
current-density range. They include glue, peptone, resorcinol, thiourea, molasses, 
gum arabic, Proprietary additives are used frequently because they are more controllable TABLE 7.3 Total Concentrations of Copper Sulfate plus Sulfuric Acid v: 
and highly systematized and afford the user the benefit of a vendor's experience an 


Jaumé at 


expertise, CuSO, + H,S0,, 
Table 7.2 lists the composition and operating conditions for a copper sulfate bath. ozigal 
should be noted that there are two variations. The first is the standard formulation, and th 
second is a formulation consisting of low metal and high acid to increase throwing po Re 
1 Function of bath constituents. Copper ions are added to the bath as copper sulf ay 
It is essential that a good plating grade of copper sulfate be used; it is readily avai 202 
from most vendors. Sulfaric acid is used for conductivity and anode corrosion. Care m 404 
be taken to select a good grade of sulfuric acid, because many commercial grades 416 
prime sources of organic contamination. 42.8 
Chlorides are essential in the brightener and leveler mechanisms of some propriets 43.9 
Their addition depends on the particular process employed, It should be noted that. 45.0 
basic formulation contains no chelating or complexing agents. That greatly simplifies any bon 
waste disposal treatment. 485 
2 Bath maintenance 497 
a, Temperature. The degree of temperature control necessary will depend to. 51.0 
large extent on the additives employed. The proprietary bright baths require temy 52.3 
tures of the order of 75°F. Excessive temperatures will result in additive breakdown. 


BEETS cS ee ec mcs ans tk Ao Cope Alas Sans rough estimate of the copper metal concentration. The acid concentration is 


High Throwing Power _ Aetermined and subtracted from the total concentration indicated by the table for the 


Component lee gL F ticular degrees Baumé. Although the concentrations of the constituents in copper 
c= are not as critical as those in pyrophosphate copper, it is essential that the 

Sa an 1665905 a8 —_ a tituents be monitored according to the process control section on a regular schedule. 
‘comer Gut? 40-75 610 15-925 23 » Troubleshooting copper sulfate. As with any plating solution it is essential to 
Sulfuric acid, H,SO, 525-135 7-18 1875-225 25 «mine whether the bath constituents are in operating range prior to taking any 
Addition agents ‘As required ‘As required “ive action to solve a given problem, Erroneous additions, a filter leak, a leak in a 
Chloride ion 20-80 ppm 20-80 ppm 1,» OF excessive drag-out can easily go undetected but will at once become evident 


nan analysis of the bath is made. 


i ay i ANE @ Roughness. Roughness may have any of several causes. Inadequate filtration of 

ed Bae 20-30 sal seater is a prominent cause; as indicated previously, continuous filtration will 
‘itation lower air 

Aone Phosphorized copper (0.02-0.08% {Anode bags should be checked for holes. The copper fines contained by the anodes, if 

Arnie bag Dynel or polypropylene ‘ed to permeate the solution, will readily cause roughness. Filtration through a 5-um 


Filtration Continuous or occasional 3 aid will remove the particles. 
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Nickel and iron in sufficient quantity will cause roughness. Aside from defective plg 1 Function of constituents. Copper fluoroborate is the source of metal ions. Higher 
racks as a source, the chances of a ferrous tool or similar instrument falling into the bat spetal concentrations allow high current density. Tetrafluoroboric (fuoroboric) acid is 
and being subsequently dissolved are always good. The spray from air agitation jy Mjded for bath conductivity. Boric acid acts to stabilize the fluoroborate ion and prevent 
copper sulfate bath is very corrosive and will corrode any ferrous alloys in the immed mw yper salts from precipitating as Cu(BF,)». Additives, when used, affect hardness, grain 
area, That can lead to corrosion products falling into the bath. 7 ture, and brightness, depending on the type selected. 
Chloride content in excess of 200 ppm will manifest itself in the form of roughness, | 
areas in which a high buildup of chloride is possible because of the local water supp neee 04 2 Gpeciications ior Acid Copper Fisoroborate Bath: 


either deionized or reverse-osmosis water should be employed for bath makeup 4 ‘Component gL oxigal 
replenishment. e ae = 
b. Organic contamination. Organic contamination can manifest itself in ee ers 60-190 ae 
ways. Dullness, pits, and step-plating are symptoms of organic contamination, Flaxoboric acid, HBF, (free) 10.5-30 144 
sources of organic contamination include excessive amounts of additives, plating res Borie acid, HBO, 15-30 24 


poor-quality plating chemicals, and oil from the air supply. Oil contamination will u Addition agents As required 
cause yery large pits and will be quite distinctive from other forms of contaminatio 


The appearance of organic contamination will necessitate a carbon and p Cecee Specie 


treatment for removal. It should be noted that the purifying treatment will be likel Dee cet densi AIRY Mca bes somes soatae) 

remove most additives and that the additives will have to be replaced. 125-350 (high copper content) 
€. Dullness. Ina bath employing additives for brightness a dull deposit can pH (colorimetric) Letilew coppes) 

cate organic contamination, low brightness, or low chloride. Low chloride content e 0.2-0.6 (high copper) 

determined by analysis. The addition of brighteners in small increments will determi Anodes Rolled electrolytic or OFHC. 

low brightness is the problem. Most proprietary additives are added on an amperesh Anode-to-cathode ratio ne 

basis. It may be necessary in some cases to alter the addition schedule to prevent le Agitation Blower air and cathode bar 


brightener content, ; 
d. Stressed plating. As in pyrophosphate copper, the excessive use of ti 
particularly for brightness, can cause stress-cracking upon soldering at the orifice 0 
plated-through hole. The brightener content can be lowered by dummying the bat h resista additiv 
that case the addition schedule of any brighteners should be revised downward. peratures on their stability should be investigated. 3 

e. Poor throwing power. As the copper content is increased, the throwing po ., 2 Filtration. Continuous filtration is preferred, but occasional filtration is generally 
the bath is decreased. In a heavily worked bath that will not usually occur, but inv iicient. ee 
hitiaee idlel hie long periods it may’ be abosesary to xeinovel the anodss taicaaa ¢. Analysis. The copper metal content should be determined in accordance with 
excessive buildup of copper metal from anode corrosion. Copper metal content procedures in the process control section. The fluoroborie acid content can be 


is faintained by keeping the pH below 1.7 by the addi 
be regulated by the addition or removal of anode: q hori should also be made periodically. 


As the sulfuric acid content decreases, so will the conductivity of the bath, and. 
7 z i : % a a d. Anode bags. Anode bags should be either Dynel or polypropylene. They should 
resultant loss in throwing power. Routine analysis should detect any decrease Washed and checked for holes frequently. 


sulfuric acid content. 4 e 
f, Low metal content. Low metal content is easily detected by analysis ane Troubleshooting copper fluoroborate. Many of the problems encountered with the 


characterized by a low plating rate. Consistently low metal, excluding excessive drag PE aes {re possible with copper fluoroborate also. The section on trouble- 
Pou inns. Ualeoene peur omamret er tireep acters | a. Nodules on plating resist. The high current densities that can be used with 
Sra Dida tas lanished ith coir os Gaickiy as it ie lopleasd ot the Garam per fluoroborate can cause nodule formation on plating resist when used for pattern 
dense ‘anode bags should not be employed, and a periodic wash-out of all bags shor 4 Gis. a eS a lower current density or modification or change in image 
SETA RTT oer rear are 1 £, BH. When the pH is allowed to exceed 1.7, a dark, brittle deposit will result, 

uatasncscnded: 4 Equipment. Materials of construction for tank linings, filters, and other equipment 


. S oe Siven in Table 7.21 
4 Equipment. Materials of construction for tank linings, filters, and other equip . eae ae 
are given in Table 7.21, et Plating rate. Plating rates are given in Table 7.5. 


5 Plating rate, Plating rates are given in Table 7.5. 


Bath maintenance 
a. Temperature. Increasing the temperature increases the limiting current density 
lowers the bath resistance. When additives are employed, the effect of higher 


19. Copper Fluoroborate”” Copper fluoroborate is another of the acid baths. It has be 20. Function and ries Sold ati erent ti . 
replaced ta soins extent by’ copper soliate for through-ole plang, Tt constiaagiy eT Functions beth aa mcual ett verte and at a sldcmble aibers fs ie 
more expensive than copper sulfate. but it does have several advantages. It is marke quent soldering of components. Since the alloy is near the tin-lead eutectic (63 
a Metal ae ine Seely alae bath ibeed an el pare a rent, 37 percent Pb, 376°F), it is easily reflowed, and that makes it readily solderable. 
oppo: lissolution of met . Fluorol can be pl al - through-hole plating, solder plate is employed by the majority of printed circuit 


densities than pyrophosphate copper or copper sulfate, which permits faster buildt abricators when a constant alloy content is required for consistent soldering, Military 
_ «ation MIL-P-81728, Plating Tin-Lead (Electrodeposited), states that 


Fine-grained deposits can be achieved without additives, although molasses (1 pt/L00# 
is used to harden the deposit and prevent “treeing.” 

As can be seen from Table 7.4, the operating parameters of the bath constituents Pnless otherwise specified, the thickness of tin-lead plating for electronic compo- 
wide and do not require the razor-edge control inherent in other formulations. Le Fotts (printed circuit boards, especially those with plated through-hole interconnec- 
metal and higher acid content will increase the throwing power of the bath. For thro thi ‘a terminals and eyelets) shall be a minimum average of 0.0003 inch (0.3 mil) 
hole plating proprietary, high-throwing-power formulations are primarily employed. ‘ckness when measured at four points at least 0.10 inch apart. 


es fs 


E 
i 
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TABLE 7.5 Plating Rate for Copper Pyrophosphate, Sulfate, and Fluoroborate Based upon 
Percent Cathode Current Efficiency 


Thickness, = Plating time, min, at varying current densities, A/R® : 
in 10 15 7 


a 
4 


21 


BIL4SeaSe 


SPLLBSLSE 


1 
126 106 


Method 208 of MIL-STD-202 describes a mechanism used to determine the solderah 
ofa plated deposit. To be acceptable, plating should be easily and completely coated w 
solder when tested. 

The tin-lead alloy plating bath con: of tin fluoroborate, lead fluoroborate, fluorobo 
acid, and additives. The metal fluoroborates are available as concentrates that are dilut 
with water to the desired metal content. The contents of the available liquid 
concentrates are listed in Table 7.6. Variations in the bath makeup are listed in Tabl 
they include a high-throw formulation for through-hole plating. 

1 Function of bath constituents. Stannous and lead fluoroborates are the so 
metal. Variations in the metal content of the bath will affect the content of the 
deposited. 

Free fluoroboric acid increases bath conductivity and improves throwing pow 
higher concentrations of fluoroboric acid the grain size of the deposit becomes finer: 
smoother. Boric acid is added to maintain bath stability by inhibiting the decompos 
fluoroborate. Peptone promotes smooth, fine-grained “tree-free” deposits. Gelatin 
much the same effect and has been used successfully in place of peptone. 

Proprietary additives serve the same function as peptone but are marketed as 
concentrates, and are thus easier to employ. Several brighteners that are available ¥ 
give a mirror-bright solder, It has been claimed that a bright deposit eliminates the nt 
for a reflow operation. i 

2 Factors affecting the metal content of the deposit. Tin is the prime constit 
subject to variation, and several conditions in the bath can bring about an incre: 
decrease in its content. b 
a, Stannous tin will oxidize on standing for a long period of time. An analysis 
show if the stannous tin content in a bath is still within the operating parameters. 


TABLE 7.6 Composition of Tin and Lead Metal Concentrates 


Component Weight, % gL ozigal 

Lead fluoroborate concentrate 
Lead fluoroborate, Pb(BF)2 50.0 8775 1170 
Lead metal, Pb 272 4155 64 
Fluoroboric acid, free, 06 105 i4 
Borie acid, free, HyBOs, 30 48 64 


Stannous fluoroborate concentrate 
50.0 


Stannous fluoroborate, 800 1066 
Sn(BF,)2 

Tin metal, Sn 203 325 433 

Fluoroborie acid, free, 30 8 64 
HBF, 

Boric acid, free, H;BOs 30 48 64 
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p. Temperatures higher than 100°F will increase the tin in the deposit slightly. 
c. Higher than recommended current densities will increase the tin in the deposit. 
d. Excessive agitation will increase the oxidation of stannous tin in the bath and 
quently decrease the tin in the deposit. 


TABLE 7.7 Specifications for Solder (60% Tin, 40% 
Lead) Plating Baths"** 


Makeup solution for 100 gal of standard bath 


Stannous fluoroborate concentrate 172 gal 
Lead fluoroborate concentrate 5.25 gal 
Borie acid 9b 
Fluoroborie acid, 45% 15 gal 
Peptone 41b 
Water 62.5 gal 


Dissolve boric acid in hot water prior to addingto tank. 
Allow peptone to swell in cold water, and then heat the 
water while stiring vigorously. The fluoroboric acid 
should be added to water first, followed by boric acid 
and the metal concentrates. 


Composition of standard bath 


Component gL ozgal 
Stannous tin 56.2 75 
Lead 6.2 3.5 
Free fluoroboric acid 100.0 13.3 
Free boric acid 26.2 35 
Peptone 52 0.7 


Makeup solution for 100 gal of high-throwing-power 


formulation” 
Stannous fluoroborate concentmte 4.3 gal 
Lead fluoroborate concentrate 2.2 gal 
Fluoroboric acid, 48% 60.0 gal 
Boric acid 18 Ib 
Peptone 4lb 
Water 33 gal 


Composition of high-throwing-power formulation* 
___ Component g/L odgal 
Stannous tin 


15.0 20 
Lead 10.0 13 
Free fluoroboric acid 400.0 53.3 
Free boric acid 21.6 29 
Peptone 52 iz 
Operating conditions 

‘Temperature, °F 60-100 
Cathode current density, 10-25 (low metal content) 

Alfie 25-40 (high metal content) 
Agitation Slow cathode bar 
Anode-to-cathode ratio 2:1 
Anodes 60 Sn, 40 Pb 


“U.S, Patent 3,554,878 


€- Resorcinol is added to the bath at a concentration of 0.5 to 1.0 g/L to inhibit tin 
‘on. The content of the deposit will be increased through the use of resorcinol. This 
Mecessitate a reduction of the stannous tin content of the bath. 
maintenance 
i: Temperature. For baths employing peptone or a similar additive, the bath tem- 
+ a is not very critical. Baths employing proprietary brighteners require closer 
of the order of 70 to 80°F, to prevent brightener breakdown. 
‘d Filtration. The bath should be periodically filtered to maintain clarity and 
't roughness, Periodic carbon treatment of the bath is necessary to remove break- 
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down products from additives. Hydrogen peroxide should not be used in any purifyin 
treatments. 4 
c. Analysis. Frequent analysis should be performed for stannous tin, lead, 


“2. Nickel Sulfamate Nickel sulfamate is widely used both as undercoat for through-hole 
“phting and on tabs. The deposit obtained has low intemal stress, is hard, and has 
n excellent ductility. The addition of a stress reducer to the bath will yield deposits that are 
fluoroboric acid. Any bath that has been idle should first be analyzed to ensure Gightly compressively stressed. There are several variations of the sulfamate bath; a 
constituents are within the operating parameters. In addition, an analysis of the dep “cal one is given in Table 7.9. The nonchloride formulation is widely used because of 
should be made in conjunction with the solution analysis. Analytical procedures are in {} the low stress properties of the deposit. 
process control section. 7 

d. Anode bags. Anode bags should be either Dynel or polypropylene. They shoul TABLE 7.8 Plating Rate for Solder (60 Sn, 40 Pb) Plate from the Fluoroborate Bath Based 
be washed and checked for holes frequently. upon 100 Percent Cathode Current Efficiency 

4 Troubleshooting tin-lead fluoroborate. 4 Plating time, min, for varying plate thickness, in, 
a. Organic contamination. Most of the effects of organic contamination can } Brett coor. a —. 


avoided by periodically treating with carbon. The symptoms are a streaky deposit, _ = Sos S008. CON 
throwing power, and poor solderability of the deposit. The prime sources of organics 10 45 135 22.5 45.0 
additive breakdown and plating resists. 5 $0 90 150 300 

b. Metallic contamination." Since copper plating normally precedes solder am = : 15 23.0 


ing, it is a prime candidate for drag-in and subsequent metallic contamination, 
characterized by a loss of throwing power and an increase in grain size. Copper should b 
removed by dummying at the normal plating current density; corrugated steel 
should be used. 7 1 Function of bath constituents. Nickel sulfamate is a primary source of nickel metal 
c. Chlorides. Chlorides can reduce throwing power, affect grain structure, ions. The concentration of the liquid may vary s 
throw the alloy deposit out of balance. To avoid chlorides, do not use water that conti Boric acid functions as a buffer, Italso reduces burning at high current densities, Nickel 
chlorides for bath makeup or replenishment. Do not use a hydrochloric acid pickle priort hromide is used in place of nickel chloride to minimize intemal stress and act as an agent 
solder-plating. A fluoroboric acid pickle is recommended. for anode corrosion. Stress reducer is added to give a slightly compressively stressed 
d. Air, Do not allow air to be introduced into the bath; it will cause rapid oxidati ‘deposit. It will also impart a semibright appearance to the deposit as opposed to a mat 
of the stannous tin. Avoid leaky filter pumps. Ensure that the effluent, when filtering, i finish without the stress reducer. It is generally added by ampere-hour. 
introduced to the bath beneath the solution level so as to keep air contact to a minimum, 
e. Poor solderability. In addition to organic contamination in the bath bein; TABLE 7.9 Typical Nickel Sulfamate Plating Bath!’ 
source of poor solderability, inclusions in the deposit can cause severe dewetting, Itis 


practice in some smaller shops to scrub the solder deposit with pumice or a similar b NON eae SF be 

proprietary compound to remove any etchant by-products and in general improve: ‘ickel sulfamate, Ni(SO,NH,);* 300-525 40-70 

aesthetics of the deposit. Although a semibright appearance will be imparted to the so Nickel metal, Ni 60-120 8-16 

deposit, the pumice and other materials imbedded in the surface of the deposit by t Boric acid, HsBOy_ 30-45 4-6 

scrubbing can cause severe soldering problems when the board is assembled. Mat peat aceon Na u-19 15-25 

bright dips that are available will serve the same function, as well as reflowing, and ets relia SSS ees paneodea 

preserve solderability. Tenpentue: F : eaeaaaaa diac ear) 

5 Stripping solder (60 tin, 40 lead) plate, Tin-lead deposits are stripped from copp Cathode current density, A/f# Ts 

by immersion in the following solution: Agitation i Cathode bar or solution 
Acetic acid (glacial) 1gal circulation 
Hydrogen peroxide (30 percent) 20 fl oz Anodes Rolled, depolarized, or 
Water 3 gal cast carbon. Nickel 


Room temperature 
6 Equipment. Materials of construction for tank linings, filters, and other equipmet 

are given in Table 7.21. 

7 Plating rates for solder (60 Sn, 40 Pb) plate. These are given in Table 7.8. 


may be used. 
pH 5—4, 


‘kel sulfamate and 1 


el bromide are supplied as liquid concentrates. 


2 Bath maintenance. 


4. Temperature. The operating temperature is critical and should be maintained 
Within the limits specified. 


b. pH. pH is raised by the addition of nickel carbonate and lowered by the addition 
Of sulfamic acid. 


NICKEL ELECTROPLATING 


21. Function and Properties Nickel plating is employed on printed boards as an undereo 
for precious and nonprecious metals. For surfaces such as switch contacts or tabs # oul (rede bags. Anode bags should be made of Dynel or polypropylene. Bags 
normally receive heavy wear, the use of nickel under a gold or rhodium plate will g1 Should be periodically washed and checked for holes. New bags should be soaked in 
increase wear resistance. When used as a barrier layer, nickel is effective in preve ling water prior to use. 
diffusion between copper and other plated metals. Nickel-gold combinations are d. Purification. Baths should be carbon-treated when there is evidence of organic 
quently used as metal etch resists. Nickel alone will function as an etch resist against # contamination. 
ammoniacal etchants. Mil-STD-275B calls for a low-stress nickel with a minimum th &. Analysis. The bath should be analyzed periodically in accordance with the 
ness of 0.0005 in followed by gold as one of the options for through-hole plating. Procedures outlined in the process control section. 

Low-stressed nickel deposits are generally obtained by using modified Watts b 3 . Filtration. Constant filtration is ideal. 
formulations and nickel sulfamate baths in conjunction with additives that function @ { Houbleshooting the nickel sulfamate bath. See Modified Watts Nickel below. 
stress reducers. Plating rate. See Table 7.1L. 
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{minimize trapped solution. To remove metallics, particularly copper, the solution should 


23. Modified Watts Nickel The modified Watts formulation, Table 7.10, employs nick: 
u be dummied at 2 to 5 A/f? by using corrugated steel cathodes for 5 Ah per gallon of 


sulfate in conjunction with nickel bromide or chloride. The bromide is preferred 
of the intemal stress factor. It produces a deposit that is semibright, slightly te 
stressed, ductile, and readily activated for subsequent plating. 


solution, med deposits. Bumed deposits are caused by insufficient boric acid, low metal 
1 Function of bath constituents. Nickel sulfate is the primary source of nickel m 


ntration, too low an operating temperature, too high a current density, or insufficient 


ions, Boric acid functions as a buffer. It also reduces burning at high current den oD. 
TABLE 7.10 Modified Watts Nickel Plating Bath a pee nes tion rate. A low deposition rate will be caused by a low pH or a low 


___ Component gL ____ oagal 4 Equipment. Materials of construction for tank linings, filters, and other equipment 
ra NSO. 6H, ven in Table 7.21. 
See Set al Dae eae S Plating rate. Plating rates for nickel are given in Table 7.11. 
Nickel Bromiles Nie 11219 thes TABLE 7.11. Plating Rate for Nickel Sulfamate and Modified Watts Nickel Based upon 98 
Stress reducer As needed Percent Cathode Current Efficiency 
ti ditions aa 5 — 
ee Coorg omnditions: cr density, = Plating time, min, for varying plate thickness, in 
Cathode current density, A/R 15-80 Af 0.0001 0.0003 0.0005 0.0007 0.0010 
Agitation Cathode baror solution 10 12 36 60 84 120 
circulation. 20 6 18 30 42 60 
Anodes Rolled, depolarized or 30 4 12 20 2B 40 
cast carbon. Nickel 40 3 9 15 21 30 
may be used. 50 24 72 12 167 24 
pi 2.5-4.0 


“Nickel bromide is supplied as a liquid concentrate, J TIN-NICKEL ELECTROPLATING” 


Nickel bromide or chloride is used to promote anode corrosion. Stress reducer serves to 24, Function and Properties As the cost of precious metal plating has increas 1 
maintain a low internal stress as well as impart a semibright appearance to the deposi alloy has generated a moderate degree of interest as a metal etch resist. It is deposited as 
Most proprietary stress reducers are added by ampere-hour. ‘an intermetallic containing 65 percent tin and 35 percent nickel. Tin-nickel has func- 
2 Bath maintenance. tioned successfully on contact areas where electrical resistance has not been critical. The 
a, Temperature. ‘The operating temperature is critical and should be maintained deposit has excellent corrosion resistance, high hardness, and good conductivity. The 
within the limits specified. solderability of the deposit can vary considerably. Freshly plated surfaces will solder 
HH, pl is raised by the addition of nickel carbonate and lowered by the addit readily with type RA rosin flux, whereas aged deposits will generally require water- 
of sulfuric acid. The pH will tend to rise as the bath is operated. A higher pH will resultin Soluble (active) fluxes to promote a reliable solder joint, 
a brighter deposit but with some loss of ductility. Low pH values will cause lo The bath has excellent throwing power, which makes it suitable for through-hole 
plitingieliiciencies? plating. No brighteners are employed in the bath, and the appearance of the deposit will 
PUA ois ies oA tite| Bae sbouldl be tuadecht Ienel oxic apiacyetan mirror the base metal, Both fluoride-chloride and fluoroborate electrolytes are used to 
should be periodically washed and checked for holes. New bags should be soaked im tin-nickel, The electrolytes are extremely corrosive, and the precautions outlined in 
iatnweareounis wether, safety section should be followed. Subsequent discussion will focus on the fluoride- 
d. Purification. Baths should be carbon-treated when there is evidence of organi rae formulation, Table 7.12. " ; : ‘ 
contamination. This process will normally remoye the stress reducer, which will have t unetion of bath constituents. Stannous chloride and nickel chloride are the 
beteplied: Source of metal ions. Most platers use nickel anodes and continually add. stannous 
@. Analysts: The bath should be analyzed periodically in accordance’ with chloride to maintain the tin content, but both nickel and tin anodes can be employed 
procedures outlined in the process control section. 


J. Filtration. Constant filtration is ideal. TABLE 7.12 Specifications for a Tin-Nickel Plating Bath'’° 
3 Troubleshooting the nickel sulfamate and the modified Watts nickel bath. 
a. Pitting. Pitting is a result of organic contamination. Large pits will generally = secmponent cera ovkgul 
indicate oil contamination. Poor agitation will fail to dislodge hydrogen bubbles, whiel Stannous chloride, SnCly 488 65 
will result in pits. The incidence can be reduced by using a wetting agent. Tin (Stannous tin), Sn 26-38 3.5-5.0 
b, Roughness. Roughness indicates a dirty solution. Adequate filtration will correct kel chloride, NiCl, 300 40.0 
the difficulty. kel, Ni ts 60-83 8.0-1L0 
c. Lack of adhesion. Peelers will occur if the copper deposit has not been Toa! age IES 3s 13-60 
quately deoxidized. The bond between copper and nickel will fail. Current interrup Rainier tae Gia Si os 
will cause the nickel deposit to peel from itself at the point of the interruption. Tem aan ar eed 
: a porn its ‘ q perature, °F 150-160 
d. Brittle deposits. Brittle deposits will generally manifest themselves when the Cathode enrrent density, A/R? 10-30 
deposit is flexed or given any degree of wear. They are indicative of organic contamina Cathode current efficiency, % 100 
tion. Excessive additives, drag-in, and plating resist are prime sources of organics: Anode-to-cathode ratio 1:1 to 2:1 
necessitate carbon treatment. ) Agitation Preferably none 
e. Dark nonuniform deposits. Dark, erratic deposits will frequently indicate met2 pH 1.5-2.0 


lic contamination. Since copper plating generally precedes nickel plating, it is usually 
prime candidate for drag-in. It is essential that plating racks be adequately maintained to sum of the stannic tin plus sum of the stannous tin. 


*Total fluorine should always exceed the total tin concentration; ie., the 
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simultaneously. Fluorides are added as ammonium bifluoride or hydrofluoric acid to _ 
complex the tin and keep it in solution. As the bath ages, stannic tin will increase, and this | 
will necessitate higher fluoride concentration. 
2 Bath maintenance. 

a. Operating temperature. This is critical and should be maintained within the _ 
limits specified. 

b. pH. pH is raised by the addition of ammonium hydroxide and lowered by the 
addition of hydrofluoric acid. The pH will tend to rise as the bath is operated. It is checked 
colorimetrically. 


Dynel. 

d. Purification. Baths should be carbon-treated when there is evidence of organic 
contamination. Frequent dummying of the bath at low current density (2 to 5 A/R) ig 
necessary since the deposit is very sensitive to metallic impurities. Do not use hydro 
peroxide. 

e. Analysis, To maintain the metals in proper balance, periodic analysis ofthe bath, 
in accordance with the procedures outlined in the process control section, is necessary, 

f. Filtration. To maintain solution clarity and cleanliness, filtration with nonsili- 
cated filteraids should be performed when the bath is not operating, There are no 
no organic additives, and so it is practical to filter the bath, when not in use, through 
activated carbon to minimize any organic contamination buildup. 

3 Troubleshooting the ti ‘kel bath. 

a. Dark deposits. Dark deposits, especially in the area of rack contacts, are indie: 

tive of metallic contamination. Since the bath will solubilize most metals, it is essential 


remove boards that have fallen off racks from the bottom of the tank. Another symptom of 


metallic contamination is excessive cracking in the wave-soldering operation. The batl 
must be frequently dummied to keep metallic contamination in check. 

b, Cloudy deposits. When the fluoride content is exceeded by the total tin cont 
the deposits will become cloudy. In addition to normal drag-out, the fluoride content is 
lowered by the evolution of hydrogen fluoride fumes. It is essential that the fluorid 
content be maintained by the addition of either hydrofluoric acid or ammonium bifl 
ide. An excess fluoride content is not detrimental. 

c. Burned deposits. Since tin is not replenished through anodes and must be 
maintained through the addition of stannous chloride, it is the most likely constituent 
drop rapidly in concentration. The drop is characterized by “burning,” especially in h 
current-density are: 

d. Poor solderability, As indicated previously, tin-nickel boards can be difficult 
solder, especially if aged. A cleaning operation including a 50 percent by volum 
hydrochloric acid pickle followed by thorough rinsing prior to loading should overcon 
any serious soldering problems. 

4 Equipment. Materials of construction for tank linings, filters, and other equip 
are given in Table 7.21. 
5 Plating rate. The plating rate for tin-nickel is given in Table 7.13. 


TIN ELECTROPLATING®** 


26. Function and Properties Tin-plating has been employed in the electronics industry in 
the past primarily to promote solderability. Until recently its use on printed boards is 


TABLE 7.13 Plating Rate for Tin-Nickel Electroplate Based upon 100 Percent Cathode Current 


Efficiency 


Plating time, min, for varying plate thickness, in 


Current density ms - 
Alte 0.0001 0.0002 0.0003 0.0005 
10 75 15 25 
15 i 15 
20 3 13 
25 9 
30 75 


¢. Anode bags. Preferable materials for anode bags are nylon, polypropylene, and» 
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pot very extensive and was confined mostly to the acidic formulations. The development 
of bright acid tin and the increase in the cost of precious-metal plating has stimulated 
considerable interest in tin as a metal etch resist and for solderability and electrical 
sontact. The bright acid tin deposit does not require a reflowing operation, Tin forms a thin 
xide at the surface that meets dual needs: corrosion resistance and maintaining soldera- 
pility. The deposit is readily soldered in accordance with the requirements called out in 
‘MIL-F-14256. MIL-STD-275B states that electrodeposited tin shall be a minimum of 
0.0003 in thick and shall be in accordance with MIL-T-10727. For composition and 
‘operating conditions of a bright acid tin-plating bath see Table 7.14. 


TABLE 7.14 Specifications for a Bright Acid Tin Plating Bath 


Component gL ovgal 
Stannous sulfate, SnSO, 30 4 
Tin metal, Sn 13.5-16.5 18-22 
C.P. sulfuric acid, H,SO, 184 24.5 
Brighteners Per vendor instructions 


Operating conditions 


‘Temperature, °F 55-75 

Cathode current density, A/ft® 05-40 

Anode current density, A/ft® Never to exceed 25. 

Anodes Pure tin 

Filtration Continuous filtration preferred 
Agitation Cathode bar or solution 


circulation 


In addition to the foregoing there has been some effort to employ tin as a final edge 
connector deposit and further eliminate the need for precious-metal plating. There have 
been reports of problems between the tin-plated edge connectors and gold-plated inserts 
in the form of battery activity. Other reports have indicated successful results with tin- 
plated edge connectors and tin-plated inserts. 

1 Function of bath constituents. Stannous sulfate is the source of tin metal ions. 
Sulfuric acid is used both to solubilize the tin salt and for bath conductivity. The 
proprietary additives function both as levelers and brighteners. They are replenished 
mostly on an ampere-hour basis. The brightener systems available consist of two parts, 
one for bath makeup and one for normal replenishment. 

2 Bath maintenance. 

«. Temperature. Adequate control of the bath operating temperature is very criti- 
eal. As the temperature decreases, the brightness and throwing power increases. In most 
instances it will be necessary to cool the bath to maintain it within the prescribed 
‘Parameters. 

b. Anodes. Anodes should be removed if the bath is to be idle for an extended 
Period of time. Anode bags are not necessary. Periodic brushing of anodes should be 
Performed. Sufficient anode area must be maintained to prevent anode passivation. 

¢. Filtration. Constant filtration is recommended. It can also function as mild 
Agitation while the bath is in operation. 

d. Analysis. The bath should be analyzed periodically in accordance with the 
Procedures outlined in the process control section. In conjunction with the analysis, Hull 
Cell techniques are employed to determine brightener concentration and to pinpoint 
Potential problems. 

3 Troubleshooting bright acid tin. 

_ % Brittle deposits. Brittleness is caused by excessive current or metallic contami- 
Ration. Metallic contamination can be removed by low-current-density dummying. How- 
®Yer, tin will also be deposited in the process. The bath should be analyzed when 

mying is completed. 

. a throwing power. Poor throwing power is generally caused by metal content 

acid. 
Bio. Dullness in low-current-density areas. Dullness such as may be encountered on 
high ground plane can be attributed to several factors. Low brightener, passive anodes, 
the temperature, and chloride contamination can cause this type of dullness. To avoid 
chance of chloride drag-in, a sulfuric acid pickle should precede the tin bath. 
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d. Pitting. Pitting will occur in high-current-density areas with excessive current 
density or inadequate agitation. 
e. Black streaks. Excessive brightener additions will cause black streaking. 
4 Equipment, Materials of construction for tank linings, filters, and other equipment 
are given in Table 7.21. 
5 Plating rate. The plating rate for bright acid tin is given in Table 7.15. 
TABLE 7.15 Plating Rate for Bright Acid Tin Electroplate Based upon 100 Percent Cathode 
Current Efficiency 
Tara Plating time, min, for varying plate thickness, in 
density, A/F 
10 


20 
30 


GOLD ELECTROPLATING 


26. Function and Pro Gold-plating on printed boards has several functions. As a 
metal etch resist it will resist all the common etchants. Its electrical conductivity is ver 
high; it has resistivity of 2.44 2O-cm. Its negative oxidation potential makes it ideal 
tamish resistance and for contact surfaces with low electrical resistance. The subject o 
gold as a solderable substrate has been one of controversy for a number of years. Suffice it 
to say gold has been successfully used under controlled conditions as a soldering aid.” 
Many new gold processes, most of them proprietary, have been developed in 
years. They represent an effort to circumvent the classic alkaline cyanide gold and its 
deleterious effect on plating resists. The marked increase in gold costs has prompted th 
development of gold alloy baths as a cost-cutting means.“ 


27. AcidGold Acid gold baths operate ata pH of the order of 3.5 to 4.5. The system utili 
potassium gold cyanide in a mild organic acid electrolyte. Stable complexes of cob 
nickel, and indium can be incorporated into the formulation to increase hardness a 
wear resistance. To a large extent acid golds are used to fill the requirements of 
STD-275B, which states “gold plating shall be a minimum of 0.000080 in thick and sh 
te in accordance with type II of Specification MIL-G-45204.” Type II is 23+ carat (ha 
plate. 

The acid golds will usually exhibit poor cathode current efficiency, and this must be 
taken into consideration when calculating plating times. Table 7.16 indicates one of 
available acid gold formulations. 


TABLE 7.16 Specifications for a Typical Acid Gold Bath 
rt Component gL ‘Troy oz/gal 


Gold metal as potassium gold 4-16 05-2 
cyanide 
Conductivity salts As necessary for bath conductivity. 
Maintain *Baumé within 
parameters. 
pH-adjusting salts As necessary to maintain pH. 


Operating conditions 


‘Temperature, °F 
HH 


vp! 

Agitation 

Cathode current density, A/ft* 

Anode-to-cathode ratio 4:1 

Anodes Platinized titanium: 


28. Alkaline Noncyanide Gold Another type of bath'currently being used successfully om 
printed boards is the mild alkaline noncyanide type. It has a high cathode current 
efficiency and excellent throwing power. This type of bath is ideal for heavy gol 

deposits, since very little hydrogen gas is evolved at the cathode to scrub off any plating” 
resist. Trace quantities of other metals may be added as complexes to improve hardness 


nd wear resistance. Table 7.17 indicates one of the available alkaline noneyanide gold 
fonmulations. 


“99. Gold Strikes There are nearly as many gold strikes available as there are gold baths: 


zach is formulated to be compatible with the gold-plating process that will follow it. All 
ce baths have a low-metal and a high-complexing-agent content. Since gold is a noble 
and will readily displace metals less noble than itself, it is essential that a thin layer 
‘sold be electrodeposited prior to any immersion gold deposit, Otherwise, bonding 
‘lems will result. The high complexing agent present in the gold strike allows the 
pr0? rodeposition of gold while it prevents an immersion gold deposit. The strike bath is a 
relatively inefficient bath, and hydrogen at the cathode is an aid in maintaining an oxide- 
free metallic substrate on which to electroplate. The gold deposit from a strike bath is 
erally only several millionths of an inch thick. 
HeMp addition to the foregoing, a strike solution can function as a sacrificial bath. The drag- 
in of both inorganic and organic contaminants into a gold bath can necessitate a costly 
treatment or even replacement of the bath, Since the metal concentration of a 
‘strike bath is low, replacement is not so expensive and the unused gold can be reclaimed. 


TABLE 7.17 Specifications for a Typical Alkaline Noncyanide Gold 
Bath 


Component gL ‘Troy ozigal 


Metallic gold content 6-16 0.7-2.0 

‘Conductivity salts As necessary to maintain hath con- 
ductivity. Maintain “Baumé 
within given parameters. 

Reagent grade sodium hydroxide To raise pH 

Reagent gmde sulfuric acid To lower pH 


Operating conditions 


Temperature, °F 


Platinized titanium: 
Anode-to-cathode ratio 2:1 minimum 
Cathode current density, Af? 3-10 (lower value preferred) 


‘The use of a gold strike with the acid gold formulations containing gold as a cyanide salt 
is not as critical as the use of a strike with a noncyanide formulation. Some acid golds 
readily function as a strike solution when their metal content is lowered. The alkaline 
‘noneyanide golds described previously are typical of baths requiring a strike. 

Gold strike baths have been used to flash several millionths of gold over gold alloy 

its to ensure low contact resistance on the surface. 


90. Function of Bath Constituents Because insoluble anodes are used in all the gold 
formulations, the addition of gold salts governs the metal concentration in the bath, Most 
Yendors supply gold or gold alloys in the form of preweighed salts or liquid concentrates 
contain a known amount of gold, In some baths pH-adjusting salts are used to raise 
‘and lower pH; in other formulations a known acid and base are used. Conductivity salts 
e the use of lower voltages possible. They are added as necessary to maintain the 
Specific gravity of the bath within prescribed parameters. 


$1,Bath Maintenance 1 Anodes. Insoluble anodes, such as platinized titanium or tanta- 

have a finite life. They must be replaced periodically when the platinum surface is 
fone. Care must be taken when any insoluble films are removed from the anodes not to 
Mse any abrasives that will remove the platinum. 

2 Agitation and filtration. Vigorous agitation is recommended under both the anode 
and cathode areas, It can be accomplished readily by using a sparger on the effluent from 
the filter. Constant filtration is recommended to maintain bath cleanliness. Filter car 
fridges that will adsorb organic contaminants without removing any gold are available for 
Many of the gold formulations. 

Analysis. Metal content is the most critical parameter of the bath. In addition to 
f0ld analysis, the ampere-minutes or -hours put through a given solution can be an aid in 
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estimating the metal content of the bath, The rate of metal consumption will de 
largely on a bath’s cathode current efficiency. This can vary greatly from one form 
to the next. The cathode current efficiency of a given gold formulation must be establ 
before any ampere-hour system for monitoring gold content can be incorporated. It is 


essential that the bath be analyzed periodically for gold in accordance with the proce. 


dures outlined in the process control section. 

4 Metal recovery. In addition to board trimmings and serap boards, solution d 
is a source of salvageable gold. Resins that are specific for gold are marketed by 
vendors, The resin is placed in a filter chamber. Rinsewater from stagnant rinses follo 
gold plating is recirculated through the filter chamber via a pump. When saturated 


gold, the resin is removed and forwarded for reclamation. A new charge of resin is thes 


put in the filter chamber, and the process is repeated. 


32. Troubleshooting Gold Baths Many problems associated with gold-plating can 
avoided if the baths are kept within their recommended parameters by an active main 


hance program, Since many gold formulations are in use, the following observations ma 


not necessarily apply to specific baths. 

1 Low deposition rate, excessive hydrogen gassing, These are characteristic ofa 
metal content, especially in high-efficiency baths. They may be accompanied by so 
resist breakdown, 

2 Gold peeling from nickel. This can be a function of the nickel formul: 
employed. Many of the bright Watts baths have brighteners codeposited with the nich 
That type of deposit is very difficult to activate. A low-stress nickel is recommended as 
base for gold. 

The absence of a gold strike can also be responsible for peelers, This is especially t 
when noncyanide golds are involved. 

3 Low current efficiency. Here the indication is low metal, low pH, or low 
tivity, all of which are easily corrected with the proper additions. 

4 Resist breakdown. Low-efficiency baths will readily cause resist breakdown. 
when they are within the recommended operating parameters. Resist breakdown is ey 
more prevalent when an effort is made to build heavy deposits (0.000025 in) in 
efficiency baths. For heavier deposits the high-efficiency formulation should 
employed. 


$3. Equipment Materials of construction for tank linings, filters, and other equipment 
given in Table 7.21. 


94, Plating Rate In view of the wide variety of proprietary and nonproprietary gold b 
available, a usable plating table depicting all the baths is not practical. Each formulati 


will have pretty much its own efficiency. The cathode current efficiency can vary from 25 


to nearly 100 percent, That must be taken into consideration when a gold process 
selected for a given application. 


35. Gold Solderability**"""**_ As indicated previously, the subject of soldering on gold pl 
has evoked considerable controversy. Most vendor literature describes gold as a hi 
solderable substrate capable of being soldered by fluxes that are in accordance with 


F-14256. Several investigations have revealed that weaker gold-solder joints (up to 20 


percent) can result from dissolution of gold in the solder. 

The National Aeronautics and Space Administration (NASA), in its hand-solde: 
requirements, specifies the removal of gold from solder areas, including plated- 
holes and terminal pads, to achieve the highest joint strengths and greatest reliability. 

The use of a gold deposit having any degree of porosity can result in oxidation of 
base metal. Subsequent soldering will remove the gold plate; and since the base me 
has not been fluxed and has not received any other type of. deoxidizing action, the re: 
will be solder dewetting. 

Although studies have shown the foregoing to be true, gold has some unconte: 
properties. On switch contact areas and tabs its contact resistance is excellent. Its inhe! 
corrosion resistance makes extended board storage prior to assembly feasible. 
fabricators employ selective plating techniques to take advantage of the low contal 
resistance on edge connectors but avoid potential solder joint contamination with g 
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and circumvent the high cost of gold plating. Although selective plating is readily 
gecamplished, the labor costs incurred in the additional processing necessitated by it can 
exceed any possible savings. Consideration must be given to circuit areas, masking 
rations, metal stripping, replating, and any additional image-transfer processing 
Pesught about by selective plating ite 
Other investigations have shown that gold can indeed cause soldering problems ifit is 
used under adverse conditions; but if it is used properly, it ean decidedly be a soldering 
aid. The following considerations apply to soldering to gold-plated substrates: 
Solder (60 Sn, 40 Pb) under normal operating conditions will scavenge the gold 
deposit from its base metal, so that the solder bond will be to the base metal. If the gold 
js a dense pore-free deposit, the solder joint will be satisfactory. 
‘Thin gold deposits (10 win) will not adversely affect the strength of a solder joint. 
Thick gold deposits (50 pin) will contribute a relatively large quantity of gold to the 
solder and will readily form the tin-gold intermetallic (AuSn) and thus weaken the solder 
int. The formation will be characterized by the appearance of a “sugar” or cold joint. 
‘Thin gold deposits will wet more readily than thick ones. 
Alloy golds that are dissolved in solder are likely to cause weakened solder joints. 


RHODIUM ELECTROPLATING 


36. Function and Properties Rhodium is one of the group of platinum metals. The deposit 
‘obtained from a rhodium bath is hard (900-1000 Knoop), highly reflective, extremely 
corrosion-resistant, and highly conductive (resistivity is 4.51 4Q-cm). Its use on printed 

is is confined to edge connectors and other critical contact areas. Rhodium plate is 
employed where a low-resistance, long-wearing, oxide-free contact is required; also, it 
minimizes noise level for moving contacts. That rhodium is corrosion-resistant is illus- 
trated by the fact that it is not attacked even by aqua regia. 

MIL-STD-275 B specifies the minimum rhodium thickness as 20 win and the maximum 
as 50 win with a barrier layer of low-stress nickel having a minimum thickness of 500 qin. 
When nonmilitary boards are involved, a rhodium thickness of 5 win has proved adequate, 
Rhodium plating must not be used where soldering to the conductive pattern is required, 

Rhodium is electroplated from both a phosphoric acid and a sulfuric acid bath, but the 
latter formulation is predominant. Deposits are usually highly stressed, but additives in 
the proprietary formulation reduce tensile stress and even give a compressively stressed 
deposit. Makeup and composition of a rhodium sulfate bath are given in Table 7.18. 


TABLE7.18 Specifications of a Rhodium Sulfate Bath 


Metallic rhodium 4-10 g/L. 
Sulfuric acid 25-35 mUL. 
110-130°F 
Moderate 
Platinized titanium 
Cathode current density 
Plating rate 
will deposit in 1.4 
min based on 70% 
cathode current 
efficiency. 


Contaminants. Metallic contaminants will cause dark, streaky deposits. It is essential 
that adequate rinsing be employed to prevent metallic contamination, To minimize 
“®pper contamination, nickel-plated bus bars should be employed. Organic contamina- 

n will cause stress and flaking problems. The problem can be overcome with frequent 

mn treatments. 


ELECTROLESS AND IMMERSION PLATING 


Et Function and Propetties In addition to the extensive treatment given electoless 
T, Some mention must be made of other chemical plating processes even though 
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they are only employed occasionally and to a much lesser degree on printed boards, 


distinction must be made between the terms “electroless” and “immersion” plating. As 


indicated in the electroless copper section, all electroless plating baths contain a red 
agent as a source of electrons to reduce metal ions to the metallic state. On nonme 
substrates noble metals are used to initiate the electroless reduction. Once begun, 
reaction is autocatalytic and theoretically could proceed indefinitely if the constit 
were replenished and the by-products removed. On metallic substrates normal prep 
tory electroplating procedures that will give an active metal surface are adequate 
initiating electroless deposition on metals that are less noble than the metal that is b 
reduced, On metallic substrates that are more noble than the metal being reduc 
extraordinary methods of initiating the electroless deposition, such as an immer 
deposit of a noble metal on the substrate, must be employed. In both cases the electrole 
deposit can be used to build heavy deposits and has been used to some extent on pri 
boards for full additive circuits and for board repair. 

Immersion deposits are accomplished via a much more simple mechanism. Briefly 
stated, it is the displacement of one metal by a metal ion with a lower oxidation potenti 
than the metal displaced in an aqueous medium. The metal displaced is oxidized 
solubilized, and the metal ion will gain an electron or electrons from the oxidized me 
and be reduced to the metallic state. Immersion plating is strictly a surface phenome: 
and when the displacement on a given substrate is complete, all plating cease: 
deposits from immersion baths are relatively thin and are limited to the thickness of t 
deposit that can be achieved. They are used on printed boards primarily to i 
corrosion and promote solderability. 


38. Electroless Nickel Electroless nickel is applied to printed boards when it is 
practical to use conventional electroplating practices. A typical application is selectiy 
plating where there is no electrical continuity for electroplating. The deposit obtained 
85 to 94 percent nickel; the balance is phosphorus. The appearance of the deposit 
generally mirror the substrate upon which the depo: plated. Many formulatior 


proprietary and nonproprietary, are available. The plating rates vary from 0.0003 to 0.001 


in/h, 
Metals that are more noble than nickel must be catalyzed to initiate deposition. 
following solution can be used for metal a 
Palladium chloride, PdCl, 1 g 
Hydrochloric acid, HCl, 10 mL 
Dilute to 1 gal with water when the PdCl, has been dissolved in HCL. A 15 to 20-s 
generally sufficient for activation. It is followed with a rinse. Table 7.19 illustrates 


composition of an acid electroless nickel bath. Current evaluations of electroless nickel 


formulations are being conducted; amine boranes are employed as reducing agents: 


produce nickel-boron deposits. The baths are run at low temperatures. A low contact 


resistance is claimed for the nickel-boron depos 


TABLE 7.19 Electroless Nickel Bath” 


Nickel chloride 
Sodium glycolate 
Sodium hypophosphite 
pH 

‘Temperature, °F 
Deposition rate 


*US. Patent 2,532,283 


39. Immersion and Electroless Gold There are many proprietary immersion and electro! 
gold solutions. They are used predominantly in areas where electroplating is not pra 


connectors. The gold is usually deposited on a copper or nickel substrate. Normally 
electroplating pretreatments are sufficient to initiate the gold deposit. 

Care must be exercised in selecting an immersion or electroless gold, because m: 
vendors indiscriminately interchange the names “electroless” and “immersion.” Imme! 


sion gold deposits are generally limited to a maximum thickness of 10 win. The true test oF 


an electroless gold bath is to determine if gold buildup can be accomplished on a gold 
substrate. 
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Table 7.20 illustrates the composition of an immersion gold bath for copper. Immersion 
old baths for nickel are generally acidic. 


TABLE 7.20 Immersion Gold Bath 


4o.immersion Tin Immersion tin is used over both copper and tin-lead plating. On copper 
js used as a temporary aid for solderability. It is temporary because the deposit is 
rally 50 to 100 pin thick and will oxidize on standing, With a tin-lead plated surface, 
immersion tin is employed prior to etching to give a tin-rich surface to the tin-lead plate to 
’ it the oxidation of the lead during processing in ammoniacal etchants. Most of the 
immersion tin baths available are proprietary. 


PLATING EQUIPMENT 


‘4i.Selection Prior to the installation of any plating process, consideration must be given 
‘to the equipment required to operate the process successfully. Nearly all chemicals are 
corrosive to some degree, and the appropriate equipment for tanks, heaters, filters, etc. 
‘must be so selected as to resist any adverse effects. To that end vendor experience should 
‘be utilized to the fullest. Table 7.21 may be used as a guide for material selection, 


of Construction for Printed Circuit Plating Processe: 
‘Tank lining Heaters Filters Filter aids 


PVC, rubber, Stainless steel Stainless Cellulose 
polypropylene steel, epoxy fiber, asbes- 
tos fiber 
PVG, rubber, Carbon Hard mbber __Nonsilicated 
polypropylene filter aid 
PVC, Pyrex, Quartz PVClined Asbestos, dia- 
Teflon, tomaceous 
polypropylene h 
Alkaline gold PVC, Pyrex, ‘Titanium PVC-lined Asbestos fiber 
poe q 
polypropylene 
‘Tin-lead PVG, rubber Not heated PVC-orrub- —_Nonsilicated 
berlined filter aid 
Tin-nickel PVC, Carbon Teflon-lined —__Nonsilicated 
polypropylene filter 
Modified Watts PVC, Quartz, carbon PVG- or mub- Asbestos fiber, 
nickel and nickel polypropylene ber-lined diatomaceous 
earth 


te 
Rhodium sulfate PVG, polypro- PVC- or Asbestos fiber, 
pylene, Pyrex Teflon- diatomaceous 
lined earth 
Bright acid tin PVG, polypro- 316 stainless Asbestos fiber 
pylene, rubber steel, hard 


— rubber 


ADDITIVE ciRcUITS** 


The fabrication of additive printed circuits consists of depositing conductor pattems on a 
Substrate such as G-10 or FR-4 by employing electroless plating alone or in conjunction 
With electroplating. The need for an insulator with a copper-clad surface is eliminated. 
Concept of additive cit is by no means new to printed board fabrication, The 
Problem has been that, although many techniques of fabrication have been successful, 
3 have not been conducive to high-volume production and have not been able to 
mpete successfully with the cost of subtractive circuitry. The introduction of proprietary 
‘Sses indicates that additive circuits may compete both in volume and cost with 
tractive circuits in some applications. 
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pros and Cons of Additive Circuit Fabrication The additive circuit has generated its share 
stroversy. The pros may be summarized as follows. 
onthe problem of etchant disposal is greatly reduced. 
full additive (all electroless) plating or semiadditive (electroless and electrolytic) plati 2. The cost of ela is oy es 
: i s are eliminated. 
eet eee Unie bins cH snide re de 
fine traces and spaces. = 
to-copper bond problems are eliminated. ; 
a Boe other than those due to drilling or blanking can be stripped and 


42.Swelland Etch “Swell and etch” refers to the technique employed for conditioning th 
surface of the insulator; it is very similar to the procedures followed for plating on 
Swelling of the substrate is accomplished by the use ofa solvent system. It is follo 
etching in a strong oxidizing medium consisting of a mixture of sulfuric and chromie 
The final result will be a surface with a very fine etch that will serve for mech : Fe eect 
keying of the subsequent electroless deposit and produce the required bor ee ey problempal stebant appa ea 

cties. m of disposin: ium ee Lae 
BEG 1O\oe A diss panoecssd@poctall lamifvato specific problenrtching the aluminum-clad material is a hazardous operation, The reaction is 
tive circuit processing must be employed. The special laminate has an epoxy-rich aaa “strongly exothermic and gives off toxic, corrosive fumes, especially when a large volume 
upon which the actual etching process occurs. Conventional unclad laminate is unsuita ‘of material is involved. 


. s bond strengths obtained with aluminum-clad material are erratic. 
fon era oe ee " oe anaes surfaces vary from one laminate vendor to the next, so that the 


Ipvell and etch process may be esa for one vendor's laminate but cause severe 
43. Preconditioned Laminate In an effort to circumvent the problems in handling solvents degradation with another ven i ~ rt felis that of 
strong oxidizing mixtures, and waste disposal, a laminate with a preconditioned sur 5. The ioe of a enon: eh eerie or aluminum-clad material is more than that o 
A Py 4 i z ie copper - ~ ak * 
Be evel te laittoaty ib produced by: preséing dliminan fori aa evethe use of the full additive system (all-electroless plating) is time-consuming, 
ae ized pees le into ‘ eater in the pee or press els The result jires sophisticated equipment for electroless bath control, and inyolyes the use of 
surface o: substrate when foil is etched away is a topography that mirrors t] Tequites sop oh a ae ‘ icity. i d's 
anodized aluminum foil. The surface simulates a micro-etched surface that will promote fepensive “aseaah plating solutions. Many platers claim “electricity is the world’s 
i it st reducin; 
ge eer coer amlolectnbess comet coe Ne inodetion of thin eoppercad materials hy ot) would tnd to fet 
44. Full Additive dditive Following the conditioning step the fabricator may é ‘many of the advantages of itive ci a 
to use either a full additive cycle (all electroless plating) or a semiadditive cycle (eled 
less plating plus electrolytic plating) for the formation of conductor patterns. Follo EE OATETY INTHE PEATING SHOP, 
the conditioning step, activation of the substrate for subsequent electroless deposition i “ is section is to call attention to the potential hazards and 
Ser Cane by rata tase mechanism stool a pallscian bles by a ey ae teatenbelctha: are nonnally encountered in printed board 
solubilizer) that is employed with conventional through-hole plating. The two To 0} ing facility safely, all pertinent individuals should receive 
4 : es : i platin; perate any plating facility safely, all pei : 
Hiaise Et lle the Pave oyele Boost ae fang Bg and instructions regarding the application, properties, and storage ofthe: cent 
tasted anata Koade caace on Sa ees Following : Bee consi tals. The abuse of the basic tenets of chemical safety can result in the loss of life and 
additive eycle boards are placed in a high-speed electroless copper bath for 8 to 10 Bmoperty. 
obtain a copper thickness of roughly 0.0015 in. Following image transfer, con’ 47. Identification of Chemical Properties by Label The predominant label that is readily 
pattern electroplating is employed for semiadditive boards. The original 100 win @ BRE cc conus tyne of chemicals is the Interstate Commerce Commission label; 
ene conpenis readily etched mis by a quick dip in an etch such as ‘ ‘chemicals having certain properties are required by law to have it. The label is diamond- 
Dem ite. The following steps indicate the process sequence of full additive and s d- ‘and color-coded as follows: 
d aoe pacatont ae 1 Red diamond. All flammable liquids having a flash point of 90°F or less. Flash point 
Si Case itioa) suche! (a) Swell'caa lelai tu eailising aimare, or (b\ aM I dined asthe temperate at which an open lame or spar lignite the vapor rom a 
. Con s . ell and etc nixture, Wen liquid. 
aluminum in 25 percent hyrochloric acid. 2 White diamond. All materials that are corrosive must have a white diamond label. 
3. Activate in colloidal palladium. ; acids and strong alkalies fall into this category. 
4. Post-activate (solubilize tin from the activator.) : 3 Yellow diamond. This label zaalcatee Cea agents; they are_ cena being 
Full Sources of oxygen on decomposition, This statement does not necessarily match the true 
eases ieee chemical definition, Many oxidizing agents are unstable and will decompose with explo- 


sed. 
cons are as follows: 


5a. Dry. 5b. Electroless copper Rive violenc 
6a, Image transfer, 6b. pele EES 4 Green diamond. Compressed gases. : 
"a, Higheapeed electoless 7b. Image transfer. Materials with dissimilarly colored diamond labels should not be allowed to come in 
copper 8-10 h (0.0015 in). Contact and should be stored accordingly. Red- and yellow-label materials are particularly 
8a. Strip resist. 8b. Copper electroplate eactive when in contact and will invariably produce a fire or explosion. 
(0.0015 in) 1h. rs iss 
9a. Immersion gold or tin 9b. Electroplate solder, 48.Solvents Solvents are used to a large extent in plating shops for cleaning and stripping 
(optional). tin, or nickel-gold. Plating and etch resists. 
ShagiSeid- Ses (Ob Bone 10b. Strip resist. 1 Ketones. Ketones are present in many thinners and proprietary strippers; acetone 


IIb. Etch away electroless and methyl ethyl ketone are the common ones. They are red-diamond-label materials and 


12b. Solder resist (optional). tegarded as skin irritants. 
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.sibility of splashing solution onto clothing because of the large volume of etchant 
Subsequent drying of the solution on clothing will deposit salts that are readily 
“jgnitable by a spark and will decompose with explosive violence. 


2 Alcohols. Short-chain alcohols are frequently used in strippers and thinners 
drying and as flux carriers. The most frequently used alcohols are methyl, denatur 
ethyl, and isopropyl. They are red-label materials and will dry out skin on re} 
contact. Methyl alcohol vapor is also very toxic. 3 ides i 
3 Chlorinated solvents. Chlorinated solvents are used in vapor degreasers and cyanides In the early 1970s there was a decline in the use of cyanides in printed 
strippers. The inhalation of chlorinated solvent vapors in excessive amounts can caus f plating. Their use is confined mostly to gold plating, as potassium gold cyanide, and 
nareotic-like effects and kidney and liver damage. There have been fatalities due No some proprietary gold strippers in which free cyanides are present. Some of the newer 
suffocation when large degreasers were cleaned without adequate safety procedures oy alloy gold formulations are free-cyanide-hased. ‘ . 2 ' < 
equipment. Chlorinated solvents will, on contact, remove oil from skin, and contin Gyanides are well known for their toxicity. Most plating accidents involving cyanides 
exposure can result in dermatitis. The principal chlorinated solvents in use are tr have been caused by the inadvertent addition of acid to cyanide or vice versa to produce 
ethylene, 1,1,1-trichloroethane, and methylene chloride; they have threshold limit hydrogen cyanide. Remember: Never add acid to a solution containing free cyanides! 
of 100, 350, and 500 ppm, respectively. 7 ure to hydrogen cyanide can cause death within a few minutes. In addition, 
“qyanides are strong reducing agents and will react violently with oxidizing agents. 


49. Acids Acids are universal in all plating operations and cause most of the injuries tp ; ; ; ‘i i 
individuals. Most of them are white-label materials, but some exceptions are classified 2. Caustic Compounds Caustic compounds (sodium hydroxide and potassium hydroxide) 
yellow label. Acids normally encountered in plating operations are very soluble in water "gre present in many alkaline cleaners. They are classified as being white-diamond-label 
Contact with an acid should be followed by washing with copious quantities of water, Th materials. In addition, there are other alkaline compounds (the aqueous solutions of 
addition of an acid to water is exothermic in varying degrees, depending upon the acid, which have a pH of 10 or over) that can cause burns or tissue destruction, They include 
should always be remembered that, to dissipate the heat generated, acid should alu silicates and phosphates. The stronger caustic compounds have an exothermic reaction 
be added to water and never vice versa; otherwise, an eruption might occur. when added to water, To ensure complete dissolution of salts and heat dissipation, caustic 

1 Sulfuric acid. Concentrated sulfuric acid is a severe dehydrating agent that wil compounds should be added to water with vigorous stirring, « F 
char skin or flesh. It is very strongly exothermic when added to water. Sulfuric acid Contact with caustic compounds should be treated with thorough rinsing with water 
react violently with many organic materials and cause either an explosion or a fire. followed by rinsing with 3 percent acetic or boric acid solution followed by more water 

2 Hydrofluoric acid. Hydrofluoric acid is used in tin-nickel formulations. Itcan cau rinsing. 
extremely severe bums. Anyone who is working with it should wash exposed 
frequently. Hydrofluoric acid attacks glass and must be stored accordingly. Its fumes PROCESS CONTROL 
very pungent and corrosive. 2 : 

3 Fluoroboric acid. Fluoroboric acid is used in deoxidizing solutions and ti This section outlines procedures for analyzing the major plating solutions. Most vendors 
and tin-nickel plating solutions. Its properties are similar to those of hydrofluoric i ing s using proprietary additives will supply proc vedures tl ut they feel are 
including the corrosive effect on glass. atl it ii milar plating cell proce- 

4 Nitric acid, Nitric acid is used for stripping rack tips and cleaning metal 
from tanks. Some proprietary chemical polishing solutions contain quantities of 


ensure that all bath constituents are in their proper concentrations. In many instances 

quantities of 200 to 700 ppm, may be lethal. Adequate ventilation must be emplo temate methods of standard solution preparation, and analytical procedures 

when nitric acid strippers are used, ‘are available in references'’*°*"** other than those cited in this section. 
5 Hydrochloric acid. Hydrochloric acid is used extensively for deoxidizing and 

medium for electroless catalyzing solutions. Hydrogen chloride fumes are very pungen 53. Copper Pyrophosphate Solution Analysis ' 

and toxic, and repeated exposure to them can cause ulcers in the respiratory tract. Mo 4. Determination of Copper. The following reagents are required: 

ferrous alloys are attacked by hydrochloric acid and will evolve explosive hydrogen gas. 1. 0.2 N EDTA; disodium salt (37.23 g/L.) 


2. Ammonium hydroxide (NH,OH) 29 percent A 
50. Oxidizing Agents All materials classified as strong oxidizing agents are potentially very iy 3 SSaiee eat 02 F Gane Dig of sod chloride. Store this mixture 
2 to 0.4 g of the mixture for eac é 


dangerous. They react-violently with reducing agents and red-diamond-label materials. In 4 
some case they will support their own combustion or decomposition once the reaction has 
been initiated. 

1 Chromic acid and chromates. Chromic acid is used in some copper etchi 


1. Pipette a 5-mL sample into a 500-mL flask 
2. Add 10 mL of concentrated ammonium hydroxide. 
3. Add 300 mL of distilled water 


Ammonium dichromate is used for sens‘ if emulsions in image-transfer processing. 4, Add 0.2 to 0.4 g of murexide indicator. This will impart a yellow-brown color to the 
Physical contact with chromates in concentrated quantities will cause tissue destru on ‘ f ie ; 

and extensive contact with dilute quantities will result in dermatitis. All chromates wil bh 5. Titrate with 0.2 N EDTA until the end point (color change from yellow-brown to 
ignite flammable solvents. In many instances chromate contact with paper or wood wil he-violet) is reached. 


qeeale ne ee Calculation: 

2 Nitrates and nitrites. Nitrates and nitrites are present as proprietaries in si 1 mL02.N EDTA = 0.006357 ¢Cu 
plating bath additives. They will ignite organic materials, including wood and mL 02 N EDTA X 1.271 = g/LCu 
Ammonium nitrate is especially dangerous, since it can decompose with explosii mL 0.2 N EDTA x 0.17 = oz/gal 


violence. 

3 Hydrogen peroxide. Hydrogen peroxide is employed for purifying plating solu ». fenton of Pyrophosphate. The following reagents are required: 

tions. It is also used as an oxidizer in some metal-stripping formulations. Physical contact 30 percent solution of sodium hydroxide 

with high-strength solutions (30 percent) will cause rapid tissue destruction. The peroxide i N sodium hydroxide (20.0 g/L) ate 3 NSS 

will react with flammable vapors or liquids to cause a fire or an explosion. iso, romophenol blue indicator. To prepare the indicator, weigh out 1 g and mix with 
4 Oxygenated chlorides. These are present in many of the alkaline etchants at mL of 0.1 N NaOH to form a slurry. Dilute the mixture to 1 L with distilled water in a 

sodium chlorite. In addition to the danger of igniting organic materials, there is # mimetic flask. 
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4, 05 N sulfuric acid (H,SO,) 24.5 g/L 
5. 10 percent solution of zinc sulfate 
6. 1N sodium hydroxide (40.0 g/L) 

Procedure: 


1. Pipette a 5-mL sample into a 500-mL beaker and add 200 mL of distilled water. 


2. Heat the solution to a boil and slowly add 30 percent sodium hydroxide 


precipitate the copper as copper oxide until further addition produces no mo 
precipitation. x 

3. After allowing the precipitate to settle, filter the solution through No. 40 Wh; 
paper or its equivalent and wash the collected precipitate thoroughly with hot 
Collect the filtrate in a 500-mL beaker and discard the precipitate. 

4. Add several drops of the bromophenol blue indicator and run in from a burette 0, 
N sulfuric acid until the indicator just turns yellow. 

5, Add 30 mL of 10 percent zinc sulfate solution with vigorous stirring. 

6. Allow the solution to stand for 5 min and titrate with 1 N sodium hydroxide to th 
first reappearance of the yellow color. 

Calculation: 


1 mL 1 N NaOH = 0.08698 ¢ P.O, 
mL 1 N NaOH x 17.3 = g/L P.O, 
mL 1 N NaOH x 2.32 = oz/gal 9.32 


¢. Determination of Ammonia. The following reagents are required: 
1. Methyl red indicator. Dissolve 1 g methyl red indicator powder in 50 mL 
isopropyl alcohol and add 50 mL of distilled water, 
2. 0.1 N hydrochloric acid standard solution 
3, 25 percent sodium hydroxide 
4. 0.1 N sodium hydroxide 
Procedure: 
1, Pipette 5 mL into a 125-mL Kjeldahl flask 
2. Add 50 mL of 25 percent sodium hydroxide and attach the flask to a condenser, 
3. Distill to one-half ('4) the original volume, collecting the distillate in a 4 u 
beaker containing 50 mL of 0.1 N hydrochloric acid, 200 mL of distilled water, ar 


eps of methyl red indicator. The outlet of the condenser should be below the soluti 0 
level. 
4, When the solution in the beaker has cooled, titrate with 0.1 N sodium hydroxid 
a yellow point. 
Calculation: 


50 mL 0.1 N NaOH x 1.17 = g/L ammonia, 29% 
50 mL 0.1 N NaOH x 0.16 = oz/gal ammonia, 29% 


d. Determination of Orthophosphate. ‘The following reagents are required: 


1. Phenolphthalein solution 1 percent. Dissolve 1.0 g of phenolphthalein in 50 ml. ol 


isopropyl alcohol and add 50 mL of distilled water, 

2. Source of hydrogen sulfide. 

3. Magnesia mixture. Dissolve 55 g of magnesium chloride and 105 g of ammon 
chloride in 800 mL of distilled water. Add 2 mL of hydrochloric acid and dilute to 1 L 
distilled water. 

Procedure: 

1, Determine the pyrophosphate content by the method of 53b. 

2, Pipette a3-mL sample of the copper bath into a 400-mL beaker. Dilute to 200 
with distilled water and add 5 mL of sulfuric acid. 

3. Bubble hydrogen sulfide through the solution for 5 min (under a hood). 

4, Filter the solution through No. 40 Whatman paper into a 400-mL beaker. 

5. Boil the solution down to a volume of 25 mL. 

6. Dilute to 100 mL and add several drops of 1 percent phenolphthalein. 

7. Add 29 percent ammonium hydroxide until the solution turns pink. 

8. Add concentrated hydrochloric acid slowly until the pink color disappears a 
then add 10 mL in excess. 

9. Add 5 g of ammonium acetate. 

10. Add 50 mL of the magnesia mixture. 


Plating 7-39 


solution to boilin; 
c Ma cen Pera ai tiene eawlyear il fe cteoh tion bese lak: 

Stir the solution and cool to room temperature. 

Add 50 mL of 29 percent ammonium hydroxide. 
; Allow the solution to stand for a minimum of 4 h. ; 
. Filter the residue through a previously weighed sintered-glass crucible. 
Wash the precipitate with dilute ammonium hydroxide, 
| Moisten the precipitate with a saturated solution of ammonium nitrate. 

the residue in an oven. 

Bios the crucible to a red heat over ¢ Meker (or Tiril) bumer fr 40 min, 
| Allow to cool and reweigh the crucible to obtain the weight of the precipitate. 


Weight of precipitate (g) x 37.9 — (oz/gal P,O,) x 1.09 = oz/gal PO, 


Copper Sulfate Analysis 
Se pecretoation of Copper. The following reagents are required: 
1. Murexide indicator (see copper pyrophosphate) 
2, 0.2 N EDTA:disodium salt (37.23 g/L) : 
3. Ammonium buffer. Dissolve 68 g of ammonium chloride in 300 mL of distilled 
water. Add 570 mL of 29 percent ammonium hydroxide and dilute the mixture to 1 L. 
Procedure: 
1. Pipette 2 mL of solution into 600-mL flask. ¥ 
2. Add 5 mL of ammonium buffer and dilute to 450 mL with water. The solution 
should be clear at this point. If it is not, add ammonium buffer until it is. 
3. Add 0.2 to 0.4 g of murexide indicator. 
4, Titrate with 0.2 N EDTA to blue-violet end point. 
Calculation: 


1 mL 0.2 N EDTA = 0.006357 g Cu 
1mL 0.2 N EDTA x 3.18 = g@/LCu 
1 mL 0.2 N EDTA x 0.424 = oz/gal Cu 


b, Determination of Sulfuric Acid, The following reagents are required: 
1, 0.1 percent methyl orange. Dissolve 0.1 g of the salt in 100 mL of water. 
2. LN sodium hydroxide (40.0 g/L) 
Procedure: 
1, Pipette 5 mL of solution into a 250-mL Erlenmeyer flask. 
2. Add 150 mL of distilled water and 10 drops of methyl orange indicator. 
3. Titrate with 1 N sodium hydroxide to a pale-green end point. 
Calculation: 


1mL 1 N NaOH = 0.0490 g H,SO, 
mL 1 N NaOH x 1.31 = o2/gal H,SO, 


‘55. Acid Copper Fluoroborate Analysis 
4. Determination of Copper. See acid copper sulfate analysis. 
4. Determination of Free Fluoroboric Acid. The following reagents are required: 
1. 1.0 N sodium hydroxide (40.0 g/L) 
2. Cresol red indicator. Weigh out 1 g of the salt. Make a slurry by grinding with 26.2 
mL of 0.1 N NaOH. Dilute to 1 L in a volumetric flask. 
Procedure: 
1. Pipette a 10-mL sample into a 250-mL beaker. 
8. Add 150 mL of distilled water and several drops of cresol red indicator, 
3. Ete with 1 N sodium hydroxide to a green-blue end point. 
culation; 


1mL N NaOH = 0.0878 g HBF, 
mL 1 N NaOH x 8.78 = g/L HBF, 
mL 1 N NaOH x 1.18 = oz/gal HBF, 
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56, Solder (60 Sn, 40 Pb) Acid Fiucroborate Solution Analysis. 
a. Determination of Lead. The following reagents are required: 
1. 50 percent methyl alcohol 
Procedure: 
1. Pipette a 5-mL sample into a 400-mL beaker and dilute it to 100 mL with di: 
water. 
2, Add 20 mL of concentrated sulfuric acid. 
3, Heat to boiling for 10 min and allow 1 h to cool to room temperature. 


4, Filter through a previously weighed sintered-glass crucible. Wash with dilute 


sulfuric acid and finally 50 percent methyl alcohol. 
5. Dry in an oven fora minimum of 1 h at 100°C. 
6. Reweigh the crucible. 
Calculation: 


Weight of precipitate (PbSO,) x 136 = g/L Pb 
Weight of precipitate (PbSO,) x 18.2 = oz/gal Pb 


b, Determination of Stannous Tin. The following reagents are required: 


1, 0.1 N iodine (12.7 g/L) : 
2, Starch indicator. Disperse 1 g of starch in 5 mL of cold water. Pour this suspe 


into 100 mL of boiling water and allow to cool. Use 2 mL per each titration. 
Procedure: 
1, Pipette 5 mL. of solution into a 500-mL, Erlenmeyer flask. 
2. Add 50 mL of hydrochloric acid (37%) 
3, Add 2 mL of starch indicator. 
4, Titrate with 0.1 N iodine solution to first permanent blue color. 
Calculation: 


1 mL 0.1 N l, = 0.005935 g Sn 
mL 0,1 N I, x 1.187 = g/L 
mL 0.1 N I, x .1584 = oz/gal 


c, Determination of Free Fluoroborie Acid. ‘The following reagents are required: 
1. LN sodium hydroxide (40.0 g/L) 

Procedure 
1, Pipette a 10-mL sample into a 125-mL Erlenmeyer flask. 


2. Against a dark background titrate the undiluted sample with 1 N  sodiu 


hydroxide. 
3. The end point will be the first turbidity due to the precipitation of lead salts. 


Calculation: 


I mL 1 N NaOH = 0.0878 g HBF, 
mL 1 N NaOH x 8.78 = g/L HBF, 
mL 1 N NaOH x 1.18 = oz/gal HBF, 


d, Assay of the Tin-Lead Deposit® 
Procedure: 
1, Scrape off portions of the deposit with a clean knife. 
2, Weigh the sample (0.10 to 0.15 g) 
3. Place the sample in a 400-mL flask, add 10 mL concentrated sulfuric acid, and. 
until sample dissolves. 
4. Cool and add 100 mL. of distilled water. 
Filter through a previously weighed sintered-glass crucible. 
Wash the precipitate with dilute sulfuric acid, water, and, finally, 50 
methyl alcohol. 
7. Dry for 1 h at 100°C and cool in a desiccator. 
8. Reweigh 
Calculation: 


(Weight of PbSO,)(0.683) x 100 


=Pb it by ight 
Weight of sample Beccerer toe 


‘57. Modified Watts Nickel Analysis 

‘a. Determination of Nickel. The following reagents are required: 
1. 0.2. N EDTA: disodium salt (37.2 g/L) 
2. Murexide indicator (See copper pyrophosphate) 

lure: 

]. Pipette a 2-mL sample into a 250-mL Erlenmeyer flask. 
2. Add 50 mL of distilled water and 10 mL of 29 percent ammonium hydroxide. 
3. Add 0.5 g of murexide indicator. 
4. Titrate with 0.2 N EDTA to a blue end point. 

Calculation: 


1 mL 0.2 N EDTA = 0.00587 g Ni 
mL 0.2 N EDTA x 2.94 = g/L Ni 
mL 0.2 N EDTA x 0,392 = oz/gal Ni 


b, Determination of Chloride or Bromide Content. The following reagents are required: 
1. 0.1 N silver nitrate (16.99 g/L) 
2. Potassium chromate indicator, Saturate distilled water with potassium chromate. 
Procedure: 
1, Pipette 5 mL of the solution into a 250-mL Erlenmeyer flask and add 100 mL of 
distilled water. 
2. Add 2 g of sodium bicarbonate and several drops of the potassium chromate 
indicator. 
3, Titrate slowly with 0.1 N silver nitrate until the precipitate formed takes on a faint 
‘reddish-brown tint. 
Calculation: 


1 mL 0.1 N AgNO, = 0.01189 g NiCl.-6H,0 
1 mL 0.1 N AgNO, = 0.01363 g NiBr:3H,0 

mL 0.1 N AgNO, x 2.378 = g/L NiCl.-6H;0 

mL 0.1 N AgNO, x 0.317 = oz/gal NiCly:6H40 

mL 0.1 N AgNO, x 2,726 = g/L NiBrz-3H,O 

mL 0.1 N AgNO, x 0.364 = oz/gal NiBr-3H,O 


¢, Determination of Boric Acid Content. The following reagents are required: 
1. LN sodium hydroxide (40.0 g/L) 
_2, Bromocresol purple. Thoroughly mix 1 g of the indicator with 18,6 mL of 0.1 N 
sodium hydroxide. Dilute to 1L in a volumetric flask, 
3. C.P. glycerine 
Procedure: 
1. Pipette a 5-mL sample into a 250-mL Erlenmeyer flask. 
2. Add 25 mL of C.P. glycerine and 0.5 mL of bromocresol purple indicator, 
3. pirate with 1 N sodium hydroxide until the color changes to green to purple as a 
end point. 
Calculation: 
1mL 1N NaOH = 0.0619 g H,BO, 
mL 1 N NaOH x 12.38 = g/L. H;BO, 
mL 1 N NaOH x 1.65 = oz/gal HyBO, 


58. Nickel Sulfamate Analysis 
4 Determination of Nickel Content. See modified Watts nickel. 
Determination of Bromide Content. See modified Watts nickel. 
© Determination of Boric Acid Content. See modified Watts nickel. 


$8. Bright Acid Tin Analysis 
q Petennination of Stannous Tin. See stannous tin determination in tin-lead plating, 
4 ‘termination of Sulfuric Acid. The following reagents are required: 
- LN sodium hydroxide (40.0 g/L) 
4 percent ammonium oxalate. Dissolve 4 g of ammonium oxalate in 96 mL of 
2 Ment 
~ Methyl red indicator. Dissolve 1 g methyl red indicator powder in 50 mL isopro- 
Prl alcohol and 50 mL. of distilled water. 
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Procedure: 
1. Pipette 5 mL, of solution into a 250-mL Erlenmeyer flask. 
2, Add 50 ml, of 4 percent ammonium oxalate solution 
3. Add 20 drops of methyl red indicator. 

4. Titrate with 1 N sodium hydroxide to a yellow end point. 

Calculation: 


1ImL 1 N NaOH = 0.0490 g H,SO, 
mL | N NaOH x 9.8 = g/L H,SO, 
mL 1 N NaOH x 1.31 = oz/gal H,SO, 


60. Tin-Nickel Solution Analysis 
a, Determination of Nickel Content. See nickel solution analysis. 
b, Determination of Stannous Tin Content. See stannous tin in tin-lead analysis. 
¢, Determination of Total Tin Content. The following reagents are required: 
1. 0.1 N iodine (12.7 g/L) 


2, Iron powder ; 
3. Starch indicator. Disperse 1 g of starch in 5 mL of cold water. Pour this suspension 


into 100 mL. of boiling water and allow to cool. Use 2 mL per each titration. 
Procedure: 

1. Pipette 5 mL. of solution into a 500-mL Erlenmeyer flask. 

2, Add 100 mL of distilled water. 

3, Add 50 mL of concentrated hydrochloric acid and 2 to 3 g of iron powder. 

4. Warm the mixture gently until all of the iron is dissolved. 

5. Cool the solution rapidly and add 2 mL of starch indicator. 

6. Titrate to a permanent blue end point with 0.1 N iodine. 

Calculation: 


I mL 0.1 N I, = 0.005935 g Sn 
mL 0.1 N I; x 1.187 = g/L Sn (total) 
mL 0.1 N I, X 0.1584 = oz/gal Sn (total) 
Total tin — stannous tin = stannic tin 


d. Determination of Fluoride Content. The following reagents are required: 
1, 0.LN potassium chloride (7.45 g/L) 
2, Bromophenol blue indicator. See pyrophosphate determination in copper pyto 
phosphate analysis, 
3, 3 percent solution of EDTA magnesium derivative dipotassium salt. Dissolve 3 
of the salt and dilute to 100 mL. 
4, Erichrome black T. Dissolve 0.4 g of indicator in 100 mL of methyl alcohol. 
5. 0.2 N EDTA (37.2 g/L) 
6. 0.2 N lead nitrate solution (33.12 g/L) 
7, Buffer solution. (54 g ammonium chloride, 350 mL of 29 percent ammonium 
hydroxide, dilute to 1 L.) 
Procedure: 
1. Pipette a I-mL sample of solution into a 400-mL beaker. 
2, Add 100 mL of 0.1 N potassium chloride and several drops of bromophenol blue 
indicator. 
3. Add dilute ammonium hydroxide to a green color. 
4, Transfer the solution to a 250-mL volumetric flask, add 100 mL 0.2 N lead nitrate 
and make up to the mark, 
5. Allow the lead chlorofluoride to settle. 
6. Filter the solution through No. 40 Whatman paper. 
7. Pipette 50 mL of the filtrate into a 250-mL Erlenmeyer flask and add 50 mL 
distilled water. 
8, Add 1 g of Rochelle salts, 10 mL of buffer solution, 2 g of potassium cyanide and 10 
drops of the magnesium EDTA complex. 
9. Add several drops of erichrome black T indicator and back-titrate to a blue & 
point with 0.2 N EDTA. 
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1 mL 0.2 N Pb(NOs), = 0. 
mL 0.2 N Pb(NOs). x 9.50 = g/l 
mL 0.2 N Pb(NOs); 1.268 = oz/gal F 


‘The residual lead is back-titrated with EDTA: 


(20 mL 0.2 N EDTA) x 9.50 = g/L F 
(20 mL 0.2 N EDTA) x 1.268 = oz/gal F 


61. Gold Solution Analysis 

a. Determination of Gold. Most gold baths can have their metal content determined 
gravimetiically by the following method. 
cedure: 
. Pipette a 10-mL sample into a 250-mL Erlenmeyer flask. 
Under a hood add 10 mL of concentrated sulfuric acid. 
Heat until dense white fumes evolve and a clear solution is formed. 
Allow to cool and add 10 mL of concentrated nitrie acid. 
. Heat until white fumes evolve and continue for 20 min. 
. Allow the solution to cool and add 100 mL of distilled water. 
7. Bring the solution to a boil and allow to cool to room temperature. The precipi- 
tate in the flask is gold metal. 

8. Filter out the precipitate with ashless filter paper and transfer the paper and 
precipitate to a previously weighed porcelain crucible. 
9. Ignite the paper and allow the crucible to cool. 

10. Weigh the gold metal. 

Calculation: 


FSH 


Weight (g) x 100 = g/L Au 
Weight (g) x 12.2 = troy oz/gal Au 


62, Microsectioning” Microsectioning is an integral part of process control for plating 
printed boards. A microsection is a special test section cut from a board, The section is 
mounted in plastic, sanded, polished, and then examined under a metallurgical micro- 
scope. The function of microsectioning is to evaluate plating thickness, stress, throwing 
Power, inner layer connections for multilayer boards, undercut from etching, drilling 
quality. and solderability. Most sectioning of printed boards is performed on holes that are 
plated through. All of the foregoing evaluations that are applicable can then be conducted, 

‘The sample to be mounted is sheared approximately ‘ in from the edge of a hole or line 
of holes. A large number of mounting plastics, both of the cold-setting and hot-mounting 
Nariety, are available. A hot-mounting plastic will necessitate the purchase of a specimen- 
Mounting press. The selection of a mounting plastic will depend to a large extent on the 
Material composition of the specimen, the area to be examined, and the quality of the 
Mount necessary for adequate inspection. 

Once the specimen has been mounted, it is processed through several stages of 
Preparation for final examination. These may be roughly described as coarse grinding, fine 
Stinding, rough polishing, and final polishing. A power grinder may be used both for 
W, ig and polishing. An 8-in disk-type power grinder has proved to be very popular. 

‘ater should be used during the grinding to carry away all waste material, Power grinders 
are variable-speed; the lower speeds are used for sanding and the higher speeds for 
Ene The mounted specimen is first ground with 60-grit disk sandpaper until the 
a 's begin to break open. Next 180 grit is used to completely break open the holes, 320 

ia sand halfway through the holes, and 600 grit to remove deep scratches. 
sha itedium-nap cotton polishing cloth is used for initial polishing, A series of alumina 
el should be on hand for high-speed polishing. The cloth should be kept wet at all 
foil, vt the micropolish solution. The intitial polish should be with 1am alumina 
peared by a polish with 032m alumina. For the final polish the cloth should be 

ved and replaced with a micropolish cloth such as AB Microcloth.* 0.05-4m alumina 


AB Microcloth is a trademark of Buehler, Lid., Evanston, IL 
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should be used as a polishing medium for the final polish. The section at this point should 
be smooth and shiny. 

To remove from the section any smeared copper that might cause an erroneous rea 
the following etch is recommended: 


p. Foulke and F. Crane, “Electroplaters Process Control Handbook,” Reinhold Publishing Corpo- 

ration, New York, 1963. 

A. Wasserman, Rapid Determination of Lead in Tin-Lead Alloy Baths, Metal Finishing, April, 
1974. 

40. G.L Kehl, “The Principles of Metallographie Laboratory Practice,” McGraw-Hill Book Company 


Potassium dichromate 2g o York 1949, pp. 1-59. 
Water 100 mI. ae 
Sodium chloride (saturated solution) 4 mL. 

Concentrated sulfuric acid mL 
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Etching Area Requirements it-base (tar) resists have long been used in etching and plating. They are commer- 


21, Equipment Selection ‘ tv available in forms suitable for screen and offset-press printing. They can be thinned 
22, Facility . 3 sith petroleum and chlorinated solvents. 
References ‘proprietary asphalt-base materials are claimed to provide pinhole-lree coverage, fine 


‘tion witout bleeding, smooth screening, no screen clogging, and resistance to acid 
ts. These materials resist the chemical attack of ferric chloride, ammonium persul- 
e, cupric chloride, chromic-sulfuric acid, and other acid etch solutions at normal room 
eyatures. As temperatures rise above 76°F, softening, sagging, or running occurs. 
INTRODUCTION jred line definition and resolution can be lost. The alkaline etching and plating 
itions dissolve the materials at a rate which increases with alkaline concentration and/ 
‘The last major step in the chemical processing of the subtractive printed board is m 
removal or etching to achieve the desired circuit pattern. Technical, economic, 
environmental needs for the practical application of process control have brought about 
major improvements in etching techniques. Batch-type operations with their 


etching rates and long downtimes have been replaced with continuous, constant-etch-ra he resist is dry, there is enough tackiness to cause image damage. 
processes. Acidic etchants with their generally lower dissolved copper capacities ay ‘Mechanical cleaning can be done with a soft-bristle brush, but the use of abrasives such 
being replaced by alkaline processes with high copper capacities and potential fg js pumice can result in scratches down to the metal laminate. Fine abrasives can be used 
regeneration. are carefully applied. 

Process steps include resist stripping, precleaning, etching, neutralizing, water rinsi | Nearneutral alkaline cleaners can be used at temperatures up to 100°F for short 
and drying. The technology for etching high-quality fine-line complex circuits in h tion without ill effects. Low-voltage electrocleaning in mild cleaning solutions at 


volume with lower costs is described in this chapter; it includes examination of close¢ hout 85°F is also acceptable practice. 
loop continuous processing, constant etch rates, control at high dissolved copper cap Resist removal is accomplished by utilizing a variety of petroleum solvents or chlori- 
ties, regeneration-recovery, reduced pollution, and increased safety. Problems of was d hydrocarbons such as trichloroethylene. Ventilation and health protection must be 
disposal and pollution control have been minimized through adaptation of ided. 
principles. Gellulose-base lacquers have been used successfully as acid resists. They are not 
‘Typical procedures are given in this chapter for etching print-and-etch and metal-p resistant to alkalies, and their high volatility makes them hard to apply. Pattern formations 
boards. Strippers and procedures for resist removal are described; they are based on ¢ i spraying through stencils, but coatings tend to be thin. Low viscosity of 
selection, board design, cost, and pollution problems. the lacquers leads to considerable running. Attempts to use higher-solids-content material 
Etching processers must know the properties of the various etchants available for th have failed because of rapid drying, which clogs sprays or stiffens brushes, Dip-coating 
use, Factors in addition to the above improvements include finish plate compatibilit i work, but thickness control varies considerably. Slow drying with gradual 
control methods, ease of control, and equipment maintenance rease in temperature results in a harder, more durable coating. Unfortunately, this also 
Other considerations include chemical and etchant effects on common PC dielectti n a brittle, poorly adherent film. Resist removal is attained through use of ketones, 
laminates, etching of metals other than copper, thin clad copper and semiadditive bo dl ated solvents, and commercial solvent strippers. 
equipment selection and the techniques involved, production capabilities, qu _ Lacquer coatings have been successfully used as backup films on sheets of metal which 
attained, and faciliti er become printed circuits, without substrates. The backup film prevents parts from 
g he sine etching. 
__Vinyl-based screen-printed resists are very suitable for printed circuit manufacture. 
GENERAL ETCHING CONSIDERATIONS AND PROCEDURES ] Bey are available commercially in consistent form in gradles suitable for screen and offset 
Good etching results are dependent upon proper image transfer in the case of both pri Chemical resistance of the applied coatings is high enough to be excellent 
and-etch and plated-metal etch resists. Etch personnel must be familiar with sere p n against the action of acidic etchants including ferric chloride, cupric chloride, 
photosensitive, plated, and other resists being used. Sulfuric-chromic acid mixtures, ammonium persulfate, and sulfuric-peroxide, as well as 
The etching of printed boards must begin with suitable cleaning, inspection, and p A gummon low-pH and mildly alkaline (pH 8 to 9) solutions encountered in plating. 
etch steps to ensure acceptable products. Plated boards also require a carefi Mkaline etchants containing high concentrations of ammonium hydroxide are not recom- 
complete resist removal process. The steps after etching are important because they nded for use with vinyl-based resists. 


necessary to remove surface contaminations and yield sound surfaces. This discussi¢ n they are properly baked, vinyl-type resists withstand abrasion and yet are 
will consider the various types of resists and will outline typical procedures used to tent but not brittle. 
printed boards by the use of organic and plated resist patterns, > by using a soft-l i out damaging the resist, 


Pumice and other hard abrasives will rapidly cause damage. Commercial alkaline 
4. Screened Resists Screen printing is the most common method for producing sta faners can be used as soak or electrocleaners at temperatures up to 180°F, The cleaning 
copper printed circuitry on metal-clad dielectrics and other substrates. The etch He should not exceed 30 s. Alkaline treatment over 180°F will loosen the resist. 
material is printed with a positive pattem (cireuitry only) for copper etch-only boards @ n current de: s used in plating are excessive, some plating may occur on top of 
negative image (field only) when plated-through holes and metal resist are present. ; tall - The overplating, plus metal nodules which grow from pinholes in the resi 
The type of resist material used must meet the requirements for proper image transl ‘Sully removed when the resist is removed. If the overplating and nodules are not 
demanded by the printer. From the metal etcher’s point of view this same material n mMoved, etching will not be clean and uniform. 
only provide good adhesion and etch solution resistance, be free of pinholes, oil, or ical cycle for vinyl-based resists used for print-and-etch production of copper 
bleed-out, and be readily removable without damage to substrate or circuitry. A des d boards is as follows: 
tion of screen printing is given in Chap. 6. 1. Alkali-clean (dip or electroclean), 150°F. 
Oil-base varnishes do not have the greaselike viscosity required for screen printit 2. Water rinse. 
They do not dry completely, and they bleed out oils which prevent proper etching. The HCI 20 percent (by volume). 
chemical resistance to etchants is poor. 4. Water rinse. 
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5. Microsurface etch, i.e., ammonium persulfate, 30 to 60 s. jne solutions. The negative resists, once exposed and developed, are no longer li 
6. Water rinse. ve, and hence they can be processed and stored in normal white light. The positive 
7. Sulfuric acid 5 to 10 percent (by volume). ‘ts remain light-sensitive even after developing and must therefore be protected from 
8. Water rinse. fe light. 
9. Examine exposed copper for water breaks. If present, preceding steps should } asing the temperatures of processing solutions also increases the chemical and 
repeated. a 4 g action on photoresists. Photoresists which can be baked onto the copper at high 
0, Etch under the appropriate conditions for etchant being used. jeratures are least affected by higher solution temperatures. Certain negative-acting 
. Water rinse. Dimresists,* when not baked at a high temperature, lose their adhesion as solution 
. Neutralize etchant. 4 es increase. Thicker coatings of these materials offer greater resistance, but 
. Water rinse. “must be taken not to sacrifice fine-line definition or acuteness. The positive-acting 
. Blow dry, inspect. eeeists are generally affected by high temperature, particularly in alkaline etching and 
. Strip resist (see section on resist stripping). solutions. Thick AZ+ or PRS¢ is least affected. Chapter 6 gives additional details on 
. Rinse in clean stripper to ensure complete removal of resist. the various photoresist properties. 
. Scrub board with soft brush and copper or abrasive wheel in machine scrubby With the following differences, the steps for etching copper with photoresist films are 
18. Water rinse and blow dry. r to those given for screened resists. Scrub cleaning must be done carefully. 
Adequate cleaning before etching is necessary to ensure a good product, | films, even in a baked condition, will not hold up to abrasive cleaners, Here, 
problems are excessive undercoat, unetched areas, and inner-layer shorts in multil 4s with chemical resistance, greater thicknesses help simply by providing a thicker 
oards. 4 mnket for protection. Electrocleaning is not preferred, since it can lift the resist film: 
Alkali-soluble screening resist is also widely used for print-and-etch application A light etch followed by a thorough water spray rinse, 10 percent sulfuric acid, and 
Etching is carried out in acidic solution; typically, cupric chloride is used. again a thorough water rinsing prior to either etching or plating has been very successful 
resistance and adhesion are adequate but not as reliable as with vinyl-based and does not adversely affect any of the common photoresists. When the positive-acting 
‘Trace edge breakdown occurs with deep etching on panel-plated copper boards. are us ood practice to give the boards an acid dip just prior to plating or 


temperatures, high spray pressures and insufficient preprint cleaning aggravate the p ching, si developer is an alkaline solution and may cause basic copper salts 
lem. Cleaning steps outlined for vinyl resists are suitable except that acid or ne ‘be present on the surface, Scrubbing prior to plating ensures adhesion. 
cleaners must be used. The resists are stripped in hot alkaline solutions. Problems which may occur with the negative-acting resists include the following: 


1 Resist breakdown in cleaning. This is most often caused by applying resist over an 
2, Hole Plugging Plugged-hole, copper-only boards utilize alkaline screen resists in oxidized board or one which has been bright-copper-plated but not abrasive- and brush- 
unique manner, The technique called hole plugging makes possible an all-copper plate eleaned. Resist may also not have been baked long enough. Treat boards as follows to 
through-hole board. The main process steps are as follows: adhesion: mild etch, HO rinse, acid-dip, rinse, dry thoroughly, cool, coat with 


. Prefab and drill laminate. Mat- or satin-type finishes are preferred for the best adhesion. Abrasive cleaning 
. Electroless copper-plate. prior to chemical cleaning is useful, particularly when bright copper or other plated 
Copper-panel-plate. laces are to be printed. Chemical cleaning is not as effective as mechanical cleaning 
. Hole-plugging; coat plated-through holes with alkali-soluble re: with respect to increasing adhesion. Make sure resist is baked properly. 

Cure resist, Photoresist breakdown may also occur during plating, especially in cyanide processes. 
Sand surface and clean, The reasons for breakdown are similar to those given above. 

Screen-print positive pattern with alkal Ss 2 Pinholes in resist. This is frequently caused by solids, water, or oil in the air line 
Cure resi used to dry or spray-coat boards, The cure is to use positive filters and liquid traps. Do not 
Etching; acid etchant. shake air into the resist. Make sure all absorbed moisture has been removed from boards. 
Strip resist. Use 2 percent sodium hydroxide. baking prior to coating them. Keeping air out of the resist during coating also helps to 
Coat holes and trace with solder, Teduce rej due to pinholes. 

3 Excessive undercut when deep etching. Excessively baked photoresists are brittle 
3, UV-cured Screen Resists UV-cured solventless screen systems are available for p 4nd may break away during etching to expose more metal. The result is excessive 
and-etch and plating applications.*} These resists have good resistance toward comm tndercut. The opposite effect can be attained by the use of flexible photoresists which 
used acidic plating and etching solutions. Stripping is carried out in alkaline solutio tect the edges as etching progresses downward. 


FS cen Suse 


Additional information on these materials is given in Chap. 6. Plated-through holes etched away. This difficulty may be caused by a variety of 
4 such as resist in holes during plating, rough drilling, rough plating, insufficient 
4, Photoresists Photoresists have the same basic functions as screened resists im ‘ist metal plating, and excessive time in etch solution. 


manufacture of etched printed boards. Like screened resists, photosensitive resists ea Resist remaining in the holes is due to light exposure down into the holes. Film out of 
used to print negative or positive patterns on the metal-clad laminate. Liquid and dh : ion or targets in pads can allow light to expose resist in holes, Prevention is 
materials are significantly different and will be considered separately. n because exposed resist in holes cannot be removed by normal cleaning. Dip- or 
Liquid photoresist materials, although less durable than screened resists, are cap ha, coated photoresist may also stay in the holes even if not exposed, simply because 
finer line definition and resolution. A comparison of photoresists and screened resis veloping operation will not dissolve such a bulk amount. 
including properties, methods of applying, and advantages of each, is given in Ch q th drilling also can result in voids and opens in plating because of the ability of the 
This section deals with the properties and applications of photoresists as they pert Solution to attack the copper not protected by plated resist metal. Insufficient resist 
metal-etching practice. tal plate is first observed in holes, since the holes receive a smaller portion of the total 
In general, both positive- and negative-acting resists offer the greatest prote: Plate. When the difficulty occurs, all holes, rather than an isolated few, are affected. 
acidic rather than alkaline solutions. The negative-acting types are more tolera 


ode tele, KOR, KMER, KTFR, products of Eastman Kodak Company, Rochester, N.Y. 
<t of Shipley Co., Newton, Mass. 


*DYNACURE, a product of Dynachem Corporation, Santa Fe Springs, Calif. eas ete ee Aue 
vnachem Corporation, Sante Fe Springs, Calif. 


+SPR Resist, a product of W. R. Grace Co., Columbia, Md. 


i 
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Electroplating conditions should be reviewed to improve resist-metal-plating results, § _ A typical procedure used to etch a solder-plated board is as follows: 

Chap. 7 for additional suggestions. 1. Resist stripping, bath 1. 
Excessive time in etch must be avoided. The reasons for exceeding the normal e 2. Resist stripping, bath 

time must be determined. For example, it may be that etch solution is spent, 3. Water rinse. 

temperature is too low, or excessive copper, if panel-plated has been deposited. $4] 4, Examine board after stripping. Make sure all resist has been removed. Return to 

another reason could be improper cleaning. All but a small area may etch clear, but i ripping if not complete. 

operator may leave the board in the etching solution longer to get complete me "5, Examine for solder or other materials in the copper area which is to be removed. 

removal, That invariably results in excessive etching and undercutting of the a such materials are to be scraped off. Care must be taken not to damage circuit lines. 

etched areas, and it may allow penetration of the etch-resist coating. Complete, p 6. Examine circuit area including inside of holes for exposed copper. All exposed. 

cleaning prior to etching must be standard practice. opper in circuit lines is to be painted over with screen ink resist (touch-up). 

The positive-acting resists are subject to the same problems as the negative. 7. Oven-dry touch-up ink for 10 min at 110°F. 

resists, although they are somewhat easier to remove cleanly, after exposure, from §. Alkali cleaning (optional), For boards heavily stained or oxidized, 160 to 180°F, 3- 

be etched, Resist-breakdown problems are due mainly to undesired light expo soak. 

excessive temperature, and alkalinity during processing. Alkaline etchants will desta |. Water rinse. 

positive-acting resists. Excessive current densities during cleaning and plating, whi | HeSO,, 10 percent (by volume), 30 s (optional). 

result in gassing, may also lift the resist, Problems related to plating photoresi: At . Water rinse. 

boards are reviewed in Chap. 7. . Blow dry. 

Other materials also are used as photosensitive etch resist.* Naturally occur . Inspect. 

colloidal organic materials (albumin, fish, glue, gelatine, gum arabic) sensitized y . Pre-etch (optional). 

ammonium dichromate have been referred to as “hot-top enamels.” Noncolloidal orgay ;. Inspect for resist residues. 

products (shellac), also sensitized with ammonium dichromate, are known as “cole Place on conveyer or etching rack. 

enamels”; they are so named because somewhat lower baking temperatures are involve . Etch boards (alkaline etchant). 

These systems have been used in the preparation of lithographic plate printed cire Water rinse. 

and recently for etched lead frames for microelectronics. They are not used exten ). Neutralize. 

because they must be heated at temperatures above degradation limits of die! 1 ). Water rinse. 

substrates (greater than 300°F) to achieve etchant resistance. Also, they may have din . Blow dry. 

sional instability, scum during development, and/or have poor aging properties. Howey 22. Proceed to contact plating or solder reflow. 

they are attractive from the viewpoint of cost, and in certain instances they have very fi '».Gold. Gold plated upon a smooth pore-free base metal such as copper or copper with 

line definition capability. For example, cold-top enamels in electroforming practices ha an underplate of nickel or tin-nickel provides excellent resistance to all the common 

been used to produce 0.010-in metallization masks, 500-mesh screen size with 0.00 jopper etchants. Ferric chloride, cupric chloride, sulfuric-chromic acid mixtures, and 

centers. @ ammonia can be used successfully. Some etchants have a slight dissolving effect 
Dry film photoresists such as Laminar* and Riston} are well suited for pl ‘gold and hence necessitate avoidance of the long exposures which may be required for 

etching processing. Chemical resistance of both the solvent- and alkali-soluble res 

most etchants is good. 4 a ‘teps for etching a gold-plated board for high-reliability applications are as 

Resist degradation is a function of time and temperature of exposure to alk follows. Steps 1 to 9 are the same as those for solder-plated board. 

solutions. Hot strongly alkaline soaks and electrolytic cleaners degrade the resists 10. HCl 20 percent (by volume) at room temperature for 30 s 

may lead to contaminations in plating solutio: tripping of dry film resists is consider . Spray water-rinse, proceed with step 10 for etching. 

in later sections. . Blow dry with air and rack in tote boards if etching is not done immediately. 
Electrophotographic processes for printing prior to etching are available, but the Pre-etch for 30 to 60 s 

not been utilized on a production level at the time of writing. They appear to | . Examine for resist remaining in letters, etc. Preclean as needed. 

particularly attractive because a finished prototype can be made in a few minutes . Place in etching rack or conveyer. Etch as required. 

master drawing without involving photo film. . Remove boards from etcher and rinse thoroughly in running water. 

. Examine for copper not removed. 

5. Plated Etch Resists Plated-through-hole circuit boards represent the most extensive! . If desired, copper not removed may at this point be etched off with solution 

of metal-plated resists. Solder plate (60 Sn, 40 Pb), gold, tin, and tin-nickel are the ‘*tchant by using a paint brush. This reduces undercoat from areas already etched clean 

used resists. Silver is used to some extent for light-emitting and liquid crystal applicatiot {optional). 

Details concerning the deposition of these metals are given in Chap. 7. The followi 19. Water rinse. 

discussion pertains to the use of the metals as etch resists. 20. Neutralize rinse. 
4@, Solder Plate. ‘Tin-lead solder 0.0003 to 0.001 in thick is the most common plated el . Spray water rinse, 

resist. The 60 Sn-40 Pb alloy offers good etchant resistance with few problems. Increas - Hot-water dip; 180°F for 5 to 10 s. 

reliability is achieved by the use of solder plate over tin-nickel.* 4 Scrub with alkali cleaner and a soft brass brush to remove burrs. (Optional) 
Alkaline ammonia, chromic-sulfuric acid, and ammonium persulfate—phosphori¢ asonic clean. 

are the most suitable etchants. Ferric and cupric chloride acid etchants cannot be ust 24. Water rinse. 

Post-etch neutralization rinses are needed, especially with alkaline systems, to rinse awa 25. HCl-dip. 20 percent by volume for 2 to 5s. 

etchant residues and maintain good surface properties. 26. Water rinse. 
*Registered trade name of photopolymer film resist made by the Dynachem Corporation, Santa] g Blow dry with filtered air. 

Springs, Calf. Bern omeve boards from etch area. : ; es 
} Registered trade name of photopolymer film resist made by E. I. du Pont de Nemours & Comp Mised hoc" Bright tin plating directly over barrier layers of nickel or tin-nickel is 

Wilmington, Delaware. ecause of its good solderability properties. Chromic-sulfuric acid, alkaline ammo- 
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nia, and ammonium persulfate phosphoric acid etchants have been formulated espegj s 
for bright tin, _wwng etchant, uneven etching due to lack of motion during etching, excessive spray 
d, Tin-Nickel. Tin-nickel (65 percent Sn, 35 percent Ni) is generally overplated wig pressures. inadequate rinsing and neutralizing, rough handling, and many other faulty 


‘old, solder, or tin for best board reliability. i ia, ammoni = ‘ices may result in rejected circuit boards. 
aa etchants are well ee a Oe Paine anmanis nae ‘4 problem common to etching printed boards is that of having the entire area etch clean 
e, Precious Metals and Alloys. Rhodium has been described as a suitable etch resist ¢ at the same time. ‘That rarely happens, however, since etch action is more rapid at the 
contact tabs on boards, but it may not be entirely suitable because the thicknesses ‘edges of printed areas than in broad expanses of copper. Spray etching and paddle etching 
often only 5 to 10 zm (0.000050 in). Also, even when plated over nickel, it tends to | ave lessened the differential effect, yet it remains. When very fine patterns and lines are 
porous and to lift during etching. Because of the varying surface properties, 18k alloy required, the result can be loss of the pattern due to undercut, especially when the board 
must be evaluated carefully when it is used as a substitute for higher-karat or pure is left in the etcher until all the field copper has etched away. To prevent that, fine-line 
systems. s should be removed from the etcher as soon as possible. Dry film photoresist, thin 
f Silver. Although silver is not used on most printed boards (MIL-STD-275 states th lad laminate, and fully additive or semiadditive processing should be used for fine- 
it shall not be used), it has found some application for camera, light-emitting, and lig poards in high-volume production. 
crystal devices. Copper etching using silver as resist can be done with alkaline amn 
solutions. About 0.0001 in/min per minute is dissolved during etchin; 
g. Etching Procedure: Recommendations for Plated-metal Resists. Etching of the or RESIST REMOVAL 
resist and metal-plated boards begins with removal of the resist. Commercial solvents an 
strippers are available. The section on resist removal given later should be consulte ‘The method used for resist stripping is an important consideration when a resist is 
additional details. Gold, solder, and tin resists must be handled carefully, because th selected. Effect on board materials, cost and production requirements, and compliance 
scratch very easily. Tin-nickel alloy plate, however, is very hard and is abrasion-resis with safety and pollution standards must be taken into account. Both organic and aqueous 
The oily residues left by resist strippers can be removed by alkali cleaners, stripping systems are in use. 
180 to 190°F and used as soak, or by electrocleaning solutions. After alkali cleaning ay 
rinsing, it is easy to detect organic resist residue by looking at the edges of circuit lin = taste " = 3 
and the centers of letters and numbers. The most difficult materials to remove ar 3 eereen eee emios! Sersned Asi a0 aetna = oe Peale fies 
rs fs E i 2 i gh dissolving action. In the case of solvent-soluble ts, removal is readily effected by 
negative-acting photoresi They do not dissolve in their stripper; instead, they inated and petroleum solvents, xylene, mineral spirits, and la thi Methyl. 
and form gel-like films which lift off the metal surface. Soft-nylon-bristle brushing ee ea pce te aay lpera) spice and Inque dinner Meu 
alkali cleaners helps, but nylon brushes must be kept out of organic stripper. Soft Bees iiiccl-* Conunancial old dlsipnuis ate cesettedlocencac te Ramee 
and stainless steel is suitable for use on boards plated with tin-nickel alloy. Gold (type I pee see Ce ean hs ee 


eng Ri A nt stripper-water mixture. The most common strippers are acidic (lower-pH) form 

o eanett bees ened a Bo sprusheed eames Lae a soft besa 4 “lations which contain copper brighteners and Sncaie agents. the she Pg 
wine ool A meer See ete cin ce eunice coainili sous : for static tank stripping involves soaking the coated boards in at least two tanks of stripper 
i ce ne ee ne ie hee he te ef pennies oe einllaclae followed by a water spray-rinse. Excessive time in strippers is to be avoided for reason of 
'o aid in cleaning plated boards prior to etching is not recommended. attack on the “butter” (epoxy) coat, especially on print-and-etch or single-sided boards. 
Once the organic resists have been removed, surface oxides and other film See General Considerations for complete cycles : 
removed by rinsing the boards in an acid solution, e.g., sulfuric acid (5 to 10 pereen Solvent stripping machines are commercially available. High-volume users realize 
volume). After thorough water rinsing the boards ean proceed directly to etching withd Bcabis savings through the tise of conveyorisedlsyersrne seid pred aiilnienken 

drying, If short storage is required before etching, the boards should be dried comp facili ‘quippes seclemagon 
with clean air and stored in a way that will prevent contamination. i. ; " \ sgn 

Some circuit board manuficturers use mild etching as an additional step after ee eaves eenceally conan meth ione 
sulfuric acid rinse, The mild etching is followed by a water rinse, an additional s fire hazards, Wate: ie s con 
acid dip, and another water rinse, Areas not completely clean become very evident at! ventilati ; 
point, since they do not have the matte etched appearance of the rest ef (ee surface. TI 
board is ready for etching when the areas to be etched are water-break-free. bass apie 4 : 

When pattem (selective) copper anc/or other metal plating has been done, small se ta ato tions See eae ral Casta 
nodules may appear because of pinholes in the resist. Preferred practice is to leave Perent solutions of sodium hydroxide at 140°F. The resist is loosened and rinsed off with 
Asdbinesslone, (sce Gey, can enatohi the plied wediet tf-they, ae recover aaa @ water spray. Advantages are low cost and easier compliance with disposal requirements 
‘Their base is very small and they usually etch off without additional effort. The ee city wrecudene mine be Clee io eta ak en 
solution, however, is to improve the imaging techniques. ; a Conveyorized etchers and resist-stripping machines employ high-pressure pumping 

The procedure after etching includes thorough water rinsing and acid neutralizin p2stems which spray heated alkaline solutions on both sides of the boards and through the 
ensure removal of etchant residues on the board surface. Alkaline etchants are follo Iholes. Single-sided boards and certain laminat ae eck a de oe 
by treatment with proprietary neutralizing solutions; 5 to 10 percent solutions of HCl lttacked by alkaline tes Neuliok aati aac premey 5 Pe eareiee 
oxalic acid are used after FeCl, etching; H.SO, is used after ammonium persulfate; a Eee attack acbay ae ctias caheiten es TEARS LOS ee 
alkaline cleaning is used for tin-lead boards etched in chromic-sulfuric acid. Etch SEORY. OF. RENEE SDN: 
residues, particularly if they are not removed before drying, result in lowered elect 
resistance of the dielectric substrate surfaces as well as electrical and soldering proble 
on the conductive wiring surfaces. Surface contamination studies are covered in # 
literature."-* 

Problems which occur in etching when a plated metal is used as the etch resist are ® 
the most part traceable to the photographic film (which may have pinholes in it), thin ¢ 
porous organic resist, or plating which is thin or porous. In the etching process its 
improper cleaning, excessive etch solution temperatures, excessive time in etch soluti 


chloride or trichloroethlylene. 
be tolerated only in closed systems for reason of health 

; itaminant in most cold strippers. In all cases adequate 

ion and solvent waste disposal must be provided, 

Alkali-soluble resist inks are generally selected for copper print-and-etch boards, and 


7. Photoresist Removal 
& Dry Film Dry film resists have been formulated for removal in solvent and 
s-alkaline solutions. Strippers of each type are available for static tank and convey- 

dl systems. Cold stripper solvent-type formulations are similar to those described for 
Seth Screen inks and liquid negative-acting photoresists.’ The primary solvent is 
a lene chloride with added ingredients for enhancing dissolution, swelling, copper 


tening, and water rinsability. Refer to the section on dry film resist for additional 
information. 


i 
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b. Negative-acting Liquid Photoresist Removal. Negative-acting, liquid-applied photo 
sist, such as the KPR* series and DCRt series, can be removed readily from pring 
boards if they have not been baked excessively. Baking is critical to removal b: 
relates to the degree of polymerization. Since overbaking is also damaging to the ins, it. 
ing substrates, proce: should stress minimal baking—only enough to withstand F ne stripping is carried out in a solution of 0.5 N sodium hydroxide, nonionic 
operations involved. See Image Transfer, Chap. 6. E its, and defoamers. 
‘The negative-acting resists are removed by using TCE, Stoddard solvent, 
chloride, and commercial strippers. In this case, the resist does not dissolve; instead, 
softens and swells, breaking the adhesive bond to the substrate. Once that has taken plac 
over the entire coated area, a high tap water spray is used to flush away the film, With) STCHING SOLUTIONS 
more difficult-to-remove resists (baked, for example) a 3-min soak (depending on s1 qhis section is a survey of the technology and chemistry of the etching systems in 
resistance to the stripper) followed by scrubbing with a soft cotton swab soaked in th / on use. Changes from batch-type operation to continuous constant-rate systems and 
stripper has been used effectively. Thin coatings, when properly baked, are ge ater use of alkaline systems as compared with acidic processes represent major 
removed more readily than thick coatings. vations in etching practices, The various factors that account for the changes are as 
Cold-soak commercial strippers are composed mainly of methylene chloride and ch isis: 
ical additives. Methyl alcohol as cosolvent 10 percent by volume, furfural (cyclic 1. Pri digs 
hyde), and phenol (carbolic acid) up to 1 percent by volume aid in causing the resist 2 ibility with resist 
swell, Phenol also acts as a weak acid in solution; it dissolves copper oxidation prod : etch rate 
and brightens the copper. Formic, sulfonic, and other organic acids are added as acti . Etching rate (speed) 
for copper brightening, emulsification and ease of water rinsing,’ Paraffin or a hi . Dissolved copper capacity 
ketone (Bentone) is used to retard evaporation. . Ease of process control 
Dwell times in cold strippers is limited by the possibility of attack on the epoy , Ease of equipment maintenance 
laminate. Although not too effective, ketones are added to inhibit attack on epoxy b Costs and economics 
Soaking followed by mechanical brushing or spraying aids considerably in ). High yield 
the jellylike resist. If the soaking time is not long enough, resist will remain under 10. Regeneration and replenishment 
over trace edges and cause bridging, jagged traces, and possible soldering problem 11, Material recovery 
Resists of the Kodak KMER and KTFR series, Dynachem’s CMR 5000, and Wayeo 12. Disposal and pollution control 
PF series are not generally used on conventional printed boards. They are most 0 Copper etchants are evaluated in view of the above factors. Application, chemistry, 
used on solid metal, ceramics, and silicon substrates. Their baking may reach up to chemical makeup, and comparison of etchants are given, along with suggestions for 
which makes them extremely adherent and resistant to attack. Removal calls for the use‘ ction and control. 
hot solvents or strong oxidizers. Since these resists are used most commonly on met iz solutions are not well understood by many of their users. Equipment and 
masks or other solid metal parts, substrate chemical resistance is not a problem. A jution control problems are frequently difficult to separate. Although selection 
practice is to allow the chemicals to do the removing, rather than try to scrub off ing proce not difficult, the utmost in performance and life is not always 
softened resist. Soak, swab, and water spray will remove the swelled film, tained. Additional work and understanding are required, especially in regard to full 
With pattern plating it is extremely difficult to remove the photoresist from under! eration and recycling of materials. An earlier survey of those considerations has 
overplate or overhang. Trichloroethylene liquid- and vapor-degreaser treatment h en reported." 
soften the film, which is then effectively removed during mechanical cleaning by usit 
cold stripper and a soft brush, Electrocleaning, which results in considerable gassing, @ & Alkaline Ammonia Alkaline etching with NH,OH complexing has found increased 
helps to free the film. 3 ceptance owing to continuous operation, compatibility with most metallic and organi 
Plasma oxidation (vapor bumn-off) may damage the common PC board substrate, but Tesists and especially solder, Hanne Radeon high ee for Ived ae and 
very effective in complete removal of photoresists from metals, ceramics, and 0 etch rates. Both batch and continuous (closed-loop) operation are in use. Continuous 
substrates, Photoresists may also be removed by high-temperature firing (750 to tion provides constant etch rates, high work output, ease of control and replenish- 
mechanical abrasion, or boiling in sulfuric or benzene sulfonic acids. None of th nt, and improved pollution control. Costs are relatively high; neutralization after 
methods is practical for conventional printed boards, however. ig is critical; and the ammonium ion introduced to the rinses is a difficult waste- 
Cleaning after resist stripping of plated metal-resist boards is essential for good eatment problem. Complete regeneration with chemical recycling is not widely 
plete etching, Photoresist left at the edge of circuit traces or in the centers of letters rest cticed. 
in a sawtooth effect and incomplete etching. In some cases oil residues in the stripp 
cause random unetched areas. The metal to be etched must be cleaned as tho ity, and the etch rates dropped off rapidly as copper content increased.” It was 
preparation for plating. Hot alkali electrocleaning (cathodic) with soft-brush scrubbin nf necessary to include controlled amounts of dissolved oxidizing agents to speed up 
abrasives) followed by a water rinse, 20 percent sulfuric acid, water, inspection, and owt and increase copper capacity at a constant temperature. Batch operation is still 
etching will result in a suitable product. Attempts to strip negative-acting photoresists| Facticg 
using hot alkaline solutions have also been made. Other references are cited*® ; 
¢. Positive-acting Photoresist Removal. Photoresists of the AZ§ type and other positis 
acting photoresists are removed by dissolving in acetone, ketone, cellusolve acetate, acceptable concentration of NHg is 100 ppm.) Etching machines must 
other organic solvents. Commercial organic and inorganic strippers are suitable whe for Slight negative pressure and moderate exhausting to retain the ammonia necessary 
baking has not been excessive. Removal by exposure to ultraviolet light and subsequel bolding the dissolved copper. Currently available solutions offer constant etching of 1- 
“Product of Eastman Kodak, Rochester, N.Y. @ Chaat © 2.5 min with a dissolved copper content of 18 to 24 oz/gal. 
+ Product of Dynachem Corp. Santa Fe Springs, Ca. mnistry. Compositions of alkaline solutions are proprietary, but general ideas 
4Waycoat, Product of Hunt Chemical Company, New Jersey. 


neta them can be gleaned from patent literature as illustrated in Table 8.1, The 
§Product of Shipley Co., Newton, Mass. ‘ons of the basic constituents are as follows: 


ing in alkaline developer, sodium hydroxide, TSP, and other strongly alkaline 
Hons is effective. Overexposure is required to ensure against the shielding of metal 
arpliate at trace edges on pattern-plated boards. Overbaking makes removal very 


Early versions of alkaline etchants were batch-operated. They had a low copper 


\ 


oe 
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NH,OH acts as a complexing agent and holds copper in solution. “;-hing rate versus copper content is shown in Fig. 8.2. 
NHL,Cl increases etch rate, copper-holding capacity, and solution stability. eS) study of the etching rate of copper vs. dissolved copper content shows the following 
Copper ion, Cu, is an oxidizing agent; it reacts with and dissolves metallic eo cts: at 0 to 11 oz/gal copper, long etching times; at 11 to 16 oz/gal copper, lower etch 
NaClO, also is an oxidizing agent that reacts with and dissolves metallic “ges but difficult solution control; at 18 to 22 oz/gal, etch rates are high and solution is 
NH,HCO, is a buffer; it retains clean solder holes and surface. ‘at 22 to 30 oz/gal, solution is unstable and tends toward sludging. 
(NH,),(PO,) retains clean solder and plated-through holes. | work must be thoroughly rinsed with water immediately as it leaves the etching 
NH,NO, increases etch rate and retains clean solder. jhamber. Do not allow the boards to dry before rinsing. Etched circuitry with plated ti 
Some batch formulations require the mixing of two solutions just before op tad solder resist also requires an acid neutralization and solder-brightening application, 
Oxidizer and complexer are separated for shelf stability. Processes available for co main purposes are to remove etchant from under circuit edges and clean and brighten 
ous operation are single-solution makeup buffered to a pH of 7.5 to 9.5. he circuit surfaces and plated-through holes. The materials are proprietary. This opera- 
n is critical for good solder reflow results. Thorough deionized water rins 
TABLE 8.1 Composition of Alkaline Etchants meine sseult in-clean, ain-five surkiocs. 
Component _ 2 ci oe 
6.0 moVL. 


NH,OH 3.0 mol/L. 
NEH,Cl 15-0 5.0 1-40 
‘Cu (as metal) 2.0" 01-6 
10.375 
0-15 
0.0L 005-5, 


0-15, 
*Starter solution only AIR 
—| 


Alkaline etching solutions dissolve the exposed field copper on printed boards by 
chemical process of oxidation, solubilizing, and complexing. Ammonium hydroxide ELECTRONIC 
ammonium salts combine with copper ions to form cupric ammonium complex. SENSOR 
[Cu(NH,),"4], which hold the etched and dissolved copper in solution at 18 to 30 0 AND CONTROL 

‘Typical oxidation reactions for closed-loop systems are shown by the reaction of 
ion on copper and air (O2) oxidation of the cuprous complex ior 


Cu + Cu(NHs)i* > 2Cu(NHs)i 


4Cu(NH,j)z + 8NH3 + Oy + 2HsO > 4Cu(NH,){? + 40H> 
and for batch-operating systems by chlorite ion on copper: 
2Cu + 8NH, + ClO, +2H,O— 2Cu(NHs;)i* + Cl’ + 40H 


Six ounces per gallon of dissolved copper is the calculated copper capacity achieve 
the case of batch etching with chlorite (Table 8.1, No. 1). Air oxidation (O,) | 
temperature increase is needed for higher copper capacity. 

A constant etch rate of 1.5 min with 1-oz copper is achieved by gradually increasin 
temperature from 90 to 120°F. ©. Regeneration. True regeneration requires the following: 

Tt can also be seen that closed-loop etching can be continued with the formatior 1. Removal of portions of the spent etching solution from the etcher sump under 
Cu(NH;)j* oxidizer from air during spray etching and as long as the copper-hold ntrolled condition: 
capacity is not exceeded. __, 2. Chemical restoration of spent etchant, i.e., removal of excess copper by-products 

b. Closed-loop Systems. A practical method of maintaining a constant etch rate Wadjustment of solution parameters for reuse. 
minimal pollution utilizes specific-gravity- (density-) controlled automatic feeding." 1 3. Replenishing of etchant in the etching machine. 
process, which is generally referred to as flow-through, is illustrated in Fig. 8.1. stant etching conditions are achieved when regeneration is continuous. The princi- 
printed boards are etched, copper is dissolved and the density of the etching methods of regeneration are crystallization, acidification and liquid-liquid extraction. 
increases. The density of the etchant in the etcher sump is sensed to deter 4. Recrystallization reduces the copper level in the etchant by chilling and filter- 
amount of copper in solution. When the density sensor records an upper limit, a ‘ngthe precipitated salts. That is followed by refortification and adjustment of operating 
activates a pump which automatically feeds replenishing solution to the etcher Paramete 
simultaneously removes etchant until a lower density is reached. Typical op 
conditions are as follows: 


Fig. 8.1 Automated flow-through alkaline etching system. 


ss Acidification precipitates copper hydroxide, which is filtered to leave a clean 
a tion for refortification and pH adjustment. The pH must be reduced very carefully 
a aerator ‘ase excess acid (HCl) will produce poisonous and explosive gases of ClO, and 
Eres Oragne: The danger of overacidification hecause of faulty equipment, miscalculation, 
116051190 accident must be given careful consideration. Dependable exhausts and other safety 
“Gnipment must be used. 
©. Liquid-liquid extraction."* This method is meeting acceptance because of its 
16-20 ] “Sntinuous and safe nature. The process involves mixing spent etchant with an organic 


Temperature 
oH 


pH .. 
Specific gravity at 13°F 
Baumé, Be® ..... 
Copper concentration, oz/gal 
Etch rate, 0.001 in/min 


| 
i 
iy 
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solvent (i.e., hydroxy oximes) capable of extracting copper. The organic layer co 
copper is subsequently mixed with aqueous sulfuric acid, which extracts the co 
form copper sulfate. The copper-free etchant is restored, and the copper 
available for electroless copper, acid copper plating, or copper recovery. 
Closed-loop regeneration systems reduce chemical costs, sewer contamination, ay 

production downtime. However, regeneration by these methods is expensive and ; 

limited to large printed circuit facilities. 


y maintained. Dissolved copper capacity is high compared with that of batch 
wn. Cupric chloride (CuCl,) solutions are used primarily for multilayer inner 

tails and print-and-etch boards. Resists are screened inks, dry-film, gold, and tin-nickel. 

der (lead-tin) and tin boards are not compatible with cupric chloride etchant. 

‘a. Chemistry. The etching reaction is as follows: 


Cu + CuCl, > Cu,Cl, (4) 
Chloride ions, when added in excess as HCl, NaCl, or NH,Cl, act to solubilize the 


60 SSS SS SS SSS ‘elatively insoluble Cu,Cl. and thereby maintain stable etch rates. The complex formation 
can be shown as follows: 
se CuCl, + Cl CuCl? i) 
\ ‘The etchant can be regenerated by reoxidizing the euprous chloride to cupric chloride 
f is illustrated by the following reactions: 
50 1. Air: 
2 2Cu,Cl, + 4HCI + O, = 4CuCl, + 2H,0 O) 
a ‘This method of regeneration is not used because the oxygen reaction rate in acids is 
aa \ “slow and the solubility of CuCl, in hot solution is low (4 to 8 ppm). Spray etching induces 
8 air oxidation. 
ae 2, Chlorination: 
= Cu,Cl; + Cl, > 2CuCl, (0) 
i 3, Electrolytic: 
9 35 Ss 
e B Cut + e-> Cu cathode (8) 
w 5 Cut Cut+e- anode 0) 
F 30 ‘Typical formulations are given in Table 8.2. Other formulations can be found in the 
D Titerature.2*** 
}. Properties and Control. Early cupric chloride formations had slow etch rates and low 
25 z C r capacity and were limited to batch operation.” ** Regenerable continuous opera- 
tion with modified formulations (Table 8.2) has brought useful improvements, Etch rates 
20 


8.2 Cupric Chloride Etching Solutions 


10 fen A AGT. LAG. uO. cea) - 28: “2G, mae - 
ETCHANT COPPER CONTENT, 0Z/GAL Component mer = ea ae 
Fig. 8.2 Etching rate vs. etchant copper content (oz/gal). (Courtesy Hewlett-Packard Co CuC},-211,0 1.42 Ib 22M 2.2 M 05-2.5 M 
California.) HCI (20° Be) 0.6 gal 30 mL/gal 05 N 0.2-0.6 M 
eo 4M 3M 
d. Problems a s ; i 24-05 M 


1 Reduced etch rates. This problem can be related to a number of factors. First eh . 
etching conditions and solution balance, for example, temperature, spray pressure, dei TAdd water to make up 1 gal. 
sity, and pH. A low pH may be due to excessive ventilation, heating, or spray i" 

Adjust pH upwards with aqua ammonia. Check automatic replenishing equipment. 9f50 to 55 s for 1-oz copper are obtained from cupric chloride-sodium chloride systems 

2 Sludging. Loss of ammonia (reduced pH), dilution, or equipment mal 0 at 130°F with conventional spray-etching equipment. Copper capacities are 
white foam on the etchant indicates water introduction. Maintained at 15 to 20 oz/gal. 

3 Solder attack. Review etching conditions and solution balance. Excess chi ©. Closed-loop Etching and Regeneration. Two systems are in common use; chlorination 
(Cl-) may cause solder attack. J electrolytic regeneration. 

4 Residues on solder plate, holes, and traces. Dark or contaminated holes 1 Chlorination. Direct chlorination is a preferred technique for regeneration of 
control of etching conditions and neutralizer rinses, = ‘cupric etchant because of its low cost, high rate, and efficiency. Recovery of copper and 

5 Under- or overetching. Examine etching conditions and solution control. ‘ution control are also considered. The CuCls-NaCl system (Table 8.2, No. 3) is a 

6 Pollution, Rinse water coming from etchers must be free of dissolved copper; if} Guitable formulation. Etching temperature is 130°F. Figure 8.3 illustrates the process. 
it must be chemically treated and separated from ammonia-bearing rinses. ‘Sen can be used as an altemative to chlorine. 

Thin clad copper laminates present a further problem because the faster throughp Chlorine, HCI, and NaCl solutions are automatically fed into the system as required. 


the etcher increases the carryover of etchant into the rinses. ing devices include redox and colorimeter (Cu oxidation state), density (Cu concen- 


), etch rate monitor, level sensor, and thermostats, Chlorination is a reliable and 
9. Cupric Chloride Cupric chloride systems are typical of the innovations in etchi “ontrollable chemical reaction. Additional considerations are as follows: 


practice to achieve closed-loop regeneration, lower costs, and a constant, predictable € 4. Safety. Use of chlorine gas requires adequate ventilation and leak detecti 
rate. Steady-state etching with acidic cupric chloride permits high throughput, mate €quipment, cera - re 
recovery, and reduced pollution. Regeneration in this case is somewhat complex bul 5. Solution control. An increase in pH will cause the copper colorimeter to give 
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erroneous readings that are due to turbidity in the solution. Excess NaCl at 18 to 20 ozfga 4 Yellow residue on copper surface. The residue is generally cuprous hydroxide. Tt 
copper causes coprecipitation of salts when the solution is cooled. The reservoir cont js water-insoluble and is left as a residue when boards are etched and alkali-cleaned. The 
3M HCland 1 N HCI. Solution in which the board is rinsed just prior to final water-spray rinsing should be 

c. Maintain temperature at 125 to 130°F. acidic. A white precipitate may also be present. It is probably cuprous chloride, which can 

2 Electrolytic regeneration. ‘The electrochemical reversal of the etching of copper femain after etching in cupric chloride etchants that are low in Cl ion and acid. A 5 
CuCl, reaction (4) is claimed to be effective and economical. Considerations of the nt (by volume) HCI solution rinse 
are given in the literature.” On a large scale, electrolytic regeneration requires a h jor to final water-spray rinsing will 
investment in equipment and materials and high power consumption. emove the precipitate. 

The etchant is a solution of cupric chloride and HCl (Table 8.2, No. 1). Etchant flows 5 Waste disposal. Spent etchant can 
continuously between spray-etching machines and a plating tank. In the plating machi sold for its copper content. Rinses must 
two processes take place simultaneously; copper is plated on the cathode and rey be chemically treated to precipitate cop- 
tion of the spent etchant takes place at the anodes, r, Sewer disposal must not be used. See 

d. Batch Regeneration Chap. 9 on pollution control. 

1 Oxidizing agent treatment, As shown by reaction (6), chemical regeneration 
possible with O,, Similarly, it is possible with faster, more active oxidizing agents in b 40, Persulfates Ammonium, sodium, and 
processing as, for example, carried out by Clark? using H,O. or sodium hypochlos ‘potassium persulfates modified by certain 
Reactions (10) and (11) illustrate the oxidation proces: F ts have been-adopted for ats etching 

‘ rin printed circuit manufacturing. 
CuCl. + 2HCI + H,0,— 2CuCl, + 21,0 Bsictiveocninosus aycion sine 
Cu,Cl, + 2HCl + NaOCl 2CuCl, + NaCl + H,0 t Biaioss perulfete* and a batch system 
The peroxide treatment must be slow and with vigorous stirring. Ventilation must b “using sodium persulfate are in use." Wide 
good to carry away the HCl fumes. Each gram of dissolved copper requires 1.75 mL of 8 ‘use is made of persulfates as a copper pre- 


WORKIN 
(COPPER) 


work 


ETCHER 


REGENERATION 


joCl+ HCL 


DILUTION 


rcent H,O, (100 volumes) or 14 mL of 5 percent ayailabl sodium hy orit +h in Cu electroless and plating pro- COPPER 
eae : 2 es Bae HitsesPersullate solutions will allow all NEUTRALIZER |-—> OXIDE 
Common practice is to remove about half of the solution, add sufficient acid, and th “common types of resists on printed boards 
slowly add, with vigorous stirring, the amount of oxidizing agent required. The solutio including tin-lead (solder), tin, tin-nickel, 
volume is then adjusted, This method is justified for small operations only. ‘sereened inks and photosensitive films. BoCi Coan, 
2 Solution replacement. Black and Cutler have also shown that reaction (6) can b Persulfate solutions are not suitable etc z i wn 
used in principle to regenerate a CuCl, etching solution. In their ease a solution at 100° [ants for gold for reason of excess undereut 719-88 | Cups chloride chlorination regener- 


in a spray etch operation was used. After etching 18 x 18-in 1-oz copper boards tl cand low etch factors 

replace (by means of a proportioning pump) 3 L of the used etchant with 2 L HCl Formulations of ammonium persulfate 

percent) and 1 L H,O. Solution replacement must be in keeping with the low copp ‘atalyzed with mercuric chloride have etch rates comparable to those of the chloride 
capacity of the batch-type etchant, i.e., below 4 oz/gal copper. " etchants and were preferred for solder, print-and-etch, and Sn-Ni boards. Formulations 

Further data on etchant regeneration systems is available in the literature."” with additives other than mercury catalysts are available and have been 

¢, Etching Practice. Any of the common techniques, immersion, bubble, splash, or good etch factors. Regenerative systems have made possible higher 
etching, can be used with CuCl,. Spray, splash (paddle), and air bubble etching are dl ies and constant etch rates. 
most effective. Increasing temperatures and agitation speed up the etch action, althoug In general, persulfate etchants are unstable and will exhibit decomposition, lower etch 
higher temperatures cause excessive fumes with HCl-type etchants and attack on so ‘Tales vs. copper content, and lower useful copper capacity. The use of persulfate etching 
resists. As with all other etchants, final rinsing must be thorough. A 5 percent HCl ystems has declined in recent years for reason of costs and developments in alkaline 
volume) dip followed by thorough water rinsing is recommended. Ammonia etchants. 

Spray equipment, tanks, and linings are most commonly made of PVC or other cl 4. Chemistry. Ammonium, potassium, and sodium persulfates are stable salts of persul- 
cal-resistant plastic. Pottery and glass can be used but are subject to shock cracki atic acid (H1,S,0,). When these salts are dissolved in water, the persulfate ion (8,052) is 
Temperature controls and safety devices must be used to prevent plastic-lined tanks f . It is the most powerful oxidant of the commonly used peroxy compounds, as 
overheating and possibly buming. Quartz immersion heaters are suitable and are shown by the following standard oxidation potential 


common use, Titanium pump parts, heaters, racks, ete., are also very suitable. Stainles S,0;? + 2e>— 28072 (12) 
steel should not be used. Parts such as door hinges which do not come into direct contac H,O, + 2H* + 20-— 210 (13) 
with the etchant can be made of Monel, HSO; + 2H* + 2e-—> HSO; + H,0 (14) 
f. Problems Common to Cupric Chloride Systems 5 : = Stee 
1 Prolonged etching time. This is frequently due to low temperatures, ins te copper etching, persulfate oxidizes metallic copper to cupric ion as shown in 
agitation, or lack of chemical control of etch composition. When temperature and ag . 
are under control, an increase of etching time may result from a decrease in the cupri¢ Cu + (NH,)s8:0,— CuSO, + (NH,):SO, (15) 


content. When time becomes prohibitive, renew or regenerate. Acid must also be ad P 
to clarify solutions. In regenerative systems the source of oxidation may be depleted. *rsulfate solutions hydrolyze to form peroxy monosulfate ion (HSOz) and, subse- 


2 Sludging. Sludging may occur in absence of the complexing agent. Another cats “ently, hydrogen peroxide (H,O.) and O., 


of sludging may be dilution with water. = ‘. 
3 Breakdown of photoresists. ‘This happens when excess acid is present, parti Sees ee ee HS 

at elevated temperatures. Correction is readily made by either neutralizing with NaOH £ ats loka 

replacing part of the solution with water. If the acid content and photoresist conditio 1,0; > HO + 50, (18) 


have been used successfully in the past and lifting occurs, the source of the trouble 1 
be in the cleaning prior to resist coating, inadequate exposure, or baking. Thi "Cape, 
photoresists are more resistant to breakdown. 


® FMC Chemicals, Princeton, NJ. U.S. Patent 3,399,090. 
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ahs hydrolysis is acid-catalyzed; it accounts for the instability of acidic persulfate etch 
solutions. ; 

Ammonium persulfate solution, normally made up at 20 percent, is acidic. Hydrolysis 
reactions and etchant use cause a reduction of the pH from 4 to 2. The persulfate 
concentration is lowered and hydrated cupric ammonium sulfate, [CuSO,._ 
(NH,).S0,-6H,0] is formed. The precipitate may interfere with etching. 

Solid persulfate compounds are stable and do not deteriorate if stored dry in clos 
containers, Solution composition is catalyzed by various agents including organic matter 
and transition metals (Fe, Cr, Cu, Pb, Ag, ete.). Materials for storage must be chosen — 
carefully. Persulfates should not be mixed with reducing agents or oxidizable orga Sf 
Avoid contact with solvents, oils, grease, nitric acid, HCI, halide salt solutions, 
caustics, or ammoniacal solutions. Supplier literature should be consulted for additio 
details.* 

b, Properties and Control. Etchant compositions are given in Table 8, 

Solution 1, used for organic resist and tin-nickel, is made up as follows: 

Dissolve 2 Ib ammonium persulfate for each gallon of deionized water preheated to. 
about 140°F. Stir until dissolved. Do not store heated or in closed containers. The cat: 
is made up by dissolving 27 g of mercuric chloride in 1 L of deionized water (3.6 oz/ 
One milliliter of the concentrate is added for each gallon of solution."** When th 
concentration is more than 1 mL/gal (5 ppm), a white film of Hg may appear on the copper 
or plated surface, 


TABLE 8.3 Composition of Persulfate Etch Solutions 

=e oy a 
(NH):S:05 21b/gal 2 Ibigal 
NaSiOx 3 Ibjgal 
Hg 5 ppm 5 ppm 15 ppm 
X-134* (optional) 1g/gal 1 g/gal Lg/gal 
HyPO, 57 mL/gal 57 mL/gal 


*FMC Chemical Corp., Princeton, N.J. 


Composition 2 is used for solder-plated circuits. HsPO, (1 to % percent by volume) is 
added to eliminate the incomplete etching of copper next to the solder conductors 
(“runoff”) and minimize solder darkening. Occasionally, improper plating condi 
give rise to solder deposits of the wrong composition. In those cases the solder will d 
during etching and may cause portions of the copper around the circuit to remait 
unetched, When the lead content is high, a white coating of lead sulfate forms; when tin is 
too high, a film of blue tin oxide forms. Conditions for electroplating must be corrected 
give 60 percent tin and 40% lead. Processing temperatures range from 75 to 140°F, but 
preferred temperature is about 115°F to balance etch rate, copper capacity, and solutio 
decomposition. All common types of etching systems can be used, but spray oily i 
conyeyorized equipment is preferred for final etching. Cooling coils are requi 
maintain a constant etching temperature and prevent runaway reactions. 

The useful capacity of the etchant is about 7 oz/gal copper at 100 to 130°F. Above 5 02: 
copper per gallon it is necessary to keep the solutions at 130°F to prevent salt crystalliz 
‘oo ‘The etch rate of a solution containing 7 oz/gal of dissolved copper is 0.00027 in/min 
118°C. 

Copper concentration is readily controlled by specific gravity or colorimetric meast 
ments. Table 8.4 shows the dependence of specific gravity on copper concentration in 
etchant containing 2 Ib/gal of ammonium persulfate. 


TABLE 8.4 Density of Ammonium Persulfate Etching Solutions 


Copper concentration, Specific gravity Copper concentration, 
oulgal at 10°F 


0 1115 
u 1.128 
2 1,142 
3 L158 
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¢. Batch Operation. Composition 3 is used for batch-type spray etching.” Sodium 
sulfate is often preferred because it has minimal disposal problems and somewhat 
higher copper capacity and etch rates. Etch rates vary through bath life and range from 
0.0018 to 0.0006 in/min for copper content of 0 to 7 oz/gal. Prepared solutions must be 
aged for 16 to 72 h before etching when proprietary additives are used. 
‘d. Continuous Regeneration2'*** The method for regeneration of ammonium persulfate 
etchants involves etching, crystallization, and refortification. The steps are as follows: 
1, Ammonium persulfate etches copper to form CuSO, and (NH,) 280, as shown in 
‘equation (15). ‘ 
2, Spent etchant containing unreacted ammonium persulfate is pumped from the 
etching machine into a crystallizer, where it is chilled to 40°F, The products of reaction 
are precipitated as crystals.” 


CuSO, + (NH,)SO, + GH,OMS CuSO, (NH,).S0,6H,0 (19) 


3. The solution is passed through filters to remove the precipitated crystals. 
4. The filtered liquid, which is essentially ammonium persulfate, is pumped into a 
feeder tank, refortified with new etchant, and heated. The cycle is repeated. 
Control procedures include specific gravity, pH, flow rate, and additions of catalyst and 
phosphoric acid. Additions of basie copper carbonate, CuCOs-Cu(OH),, are made to 
neutralize bisulfate and control the pH at 1.2.*° See equation (20). 


A(NHJ)HSO, + CuCO;:Cu(OH), > 2CuSO, + 2(NH4),SO, + 3H,O + CO, (20) 


Advantages of continuous ammonium persulfate etching and recovery are constant etch 
rate, high persulfate utilization, and less pollution. However, the necessary equipment is 
expensive and requires complex control, so application is generally limited to high- 
volume producers. Persulfate decomposition becomes a problem for intermittent low 
work loads. 

¢. Problems. 1 Salt crystallization. Salts crystallize out on the board and cause 
streaked etch action, damaged solder plate, and plugged spray nozzles or filters. When 
copper content is high, blue salts may precipitate out, White salts of ammonium persulfate 
also may precipitate out when the solution becomes highly concentrated because of 
excess evaporation of water. The etching temperature should be maintained at over 95°F 
to prevent crystallization. Plastic tube filters installed at the sump inlet will protect the 
spray nozzles and protect pump impellers. 

2 White films formed on solder surface. This may occur normally or when the lead 
content in the solder plate is too high. It can be removed with a soft metal brush and by 
tinsing with 20 percent (by weight) solution of ammonium acetate or fluoroboric acid- 
thiourea.” 

3 Black film on solder. This condition can result when the solder alloy is high in tin, 
A dip in 20 percent oxalic acid helps, but bi ing is generally required. Holes always 
femain darkened. When solder reflow or soldering is to follow, a coating of tin can be 
applied from one of several immersion tin solutions. In both cases adjust HyPO, and 
solder plating conditions. 

4 Spontaneous decomposition of etch solution. The decomposition is due to contam- 
inated, or overheated solutions. Also, when ammonium persulfate etchants are placed in 
€tching machines or tanks that were previously used for ferric chloride or other etchants, 
itis possible for the persulfate to be catalyzed and to spontaneously decompose. Com- 
Plete cleaning with acid solutions, thorough water rinsing, and final rinsing with ammo- 
Sium persulfate will prevent that. Ammonium persulfate etchants are rather unstable, 
specially at higher temperatures. At about 150°F the solution decomposes quickly. Use 
Soon after mixing. 

5 Disposal. The exhausted etchant consists essentially of ammonium or sodium and 
opper sulfate with a pH of about 2. As with other etchants, direct sewer discharge is not 
allowed. Two methods are suggested here. 

_ @ Electrolytic deposition of the copper on the surface of passivated 300 series 
Stainless steel, The spent etchant is acidified with H.SO, prior to electrolysis. Once the 
“opper has been removed, the remaining solution can be diluted, neutralized, and 

led. The copper can be removed from the cathode. Spent sodium persulfate can be 
d with caustic soda. 
Addition of aluminum or iron machine turnings to a slightly acidified solution is 
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another practical but possibly more difficult means of removing the dissolved copper, The_ 1, solution, 84 percent of the copper is etched according to reaction (23). In practice 
presence of chloride ions catalyzes the reactions with aluminum. The reaction. cen ee ads Beene oa son cone ninstredeal (9) 2) or nom ot Alssolver eppes, the eth 
in the presence of chloride ions, will be violent, and considerable heat will be given off ec ee ere Se oed 90 RE Og SIRES Tele he ee 
the solutions are not diluted. Because of problems in handling, the electrodepositj reactions (22) to (24) in practical etching is evident in Fig. 4. The of ‘ one vA 
method and scavenger service are recommended means of disposal. A guide to thone Bee a renee ore relatively constant a fist aud teen inereates clowiy uni at 
methods and decomposition cost estimates are given in the literature" See also Chap, g nt solution exhaustion (11 oz/gal of copper). Some commerce’ Rie ee 
Pollution Control. = their solution before this point. Sometimes that action is taken unnecessarily because the 
3 jitions to compensate for changes in the solution are not well understood. Other 
11. Ferrie Chloride Ferric chloride (FeCh) solutions find widespread use as etchants see shal ecto Semin obtain ioy, Daina er 
copper, copper alloys, Ni-Fe alloys, and steel in printed circuit applications, elects solid residues, and slow etch rates—are reasons why ties sol butions as isear a a 
photoengraving arts, and metal finishing, FeCl, is used with sereen inks, photoresist, a Sfibe stching time incteases rapidly beyond 11 oz/gel of copper, but the solution still hrs 
gold patterns, but it cannot be used on solder- or tin-plated boards. Kovar and sim 
glass-to-metal sealing alloys are etched with FeCl, by using photoresist techni 
‘Typical applications include leads on solid-state microcireuit ceramic flat packages a 20 
fine-line metallization masks. At one time FeCl, was the most accepted and used e 

ant. That is because all the etchants were not commonly regenerated and FeCl, had 
high tolerance for dissolved copper as well as being low in cost. Ferric chloride 
remains as an attractive batch etchant because of those factors. 

‘The composition of the etchant is principally FeCl, in water, with concentra 
ranging from 28 to 42 percent by weight (see Table 8.5). Free acid is present because 
the hydrolysis reaction. 


EXHAUSTION , % OF THEORETICAL 
10 20 30. 40. 50. 60 7O 


& 


FeCl; + 3H,0 > Fe(OH); + 3HCI QL 


This HCl is usually supplemented by additional amounts of HCl (up to 5 percent) to ho 
back the formation of insoluble precipitates of Fe(OH),. Commercial formulations als 
contain wetting and antifoam agents, The effects of FeCl; concentration, dissolved copper 
content, temperature, and agitation on the rate and quality of etching have been re 

in the literature.8-% 


RELATIVE ETCHING TIME, MIN 
o 6 


TABLE 8.5 Composition of FeCl, Solutions® 


Low strength igh strength 9246 8 10121416 8 20 
Percent by weight 28 u 38 COPPER DISSOLVED,OZ/GAL. OF ORIGINAL SOLUTION 
seiso aevy bet ae 1.402 Fig. 8.4 Relative etching time vs. dissolved copper for a 42° Baumé FeCl solution. 
Baume 315 38 42 
e isa i ay 4 large remainin, i i M hing plants make use of partiall, 
ig capacity to dissolve copper. Many etching plants make use of pi ly 
Meaty aos 276 ee depleted solutions by adding HCl at this point and using the solution to 70 percent of 


theoretical exhaustion in counterflow operations and preliminary plate cleaning. See 
fegeneration section for other corrective action that can be taken to extend the useful life 
of the etchant. & 
‘ A knowledge of the effects of varying conditions of composition, solution exhaustion, 
Commercial availability includes lump FeCl,-6H,O and aqueous solutions with a1 acidity, temperature, agitation, dilution, etc., can be used by the etcher to determine the 
without additives. Ferrie chloride with additives has the advantage of low best manner in which to use FeCl. i Habart eeptiny f: 
(reduced odor and fuming), fast and even etching (due partly to added strong oxidi b Properties and Control. One of the most important sosldecstions:t e S ii + e 
and surface-wetting properties), and reduced iron hydroxide precipitate formation owit ‘Copper is what criteria should be used to determine exhaustion and usefulness of partially 
to slight additional acidity and chelating additives. The useful life of ferric depleted FeCl, Because of the complex relations arising from FeCl-CuCl, oer 
etchants and uniformity of etching rates have been greatly extended by propriet 'ges, evaporation, dilution, material introduction, etc., methods other than Seen ‘ 
solution manufacturers. aly ae ae parent cpanel ee the Ee re keris ly 
i ici idizes ide with Nn etching solutions. Thus it is worthwhile to con: E 
GRMRUSTOE GCAO eta ee eee ons oh evaluate the performance of FeCl, as an etchant and the effect or desirability of changing 


Sperating conditions. 
FeCl, + Cu— FeCl, + CuCl ‘WO criteria are proposed:* 
5 iti An Etching time (etch rate) 
In the F the ig time 
n the body of the solution, cuprous chloride is further oxidized to CuCh. De pketclingisqlution eshanston 
FeCl, + CuCl > FeCl, + CuCl, 
As cupric chloride builds up in the etching solution, a disproportionation reaction take 


“Data taken at 68 to 77°F (20 to 25°C). Photoengraving FeCl, 42° Baumé has 0.2 to 0.4% free H cl. 
Proprietary etchants contain up to 5% HCl. 


The etching time, or rate, is defined differently by each user, but it should include a 

measurement of the exact time required to dissolve a known weight of copper when all 

over. “onditions are constant or specified, i.c., temperature, concentration, agitation, copper 

&fea exposed, solution volume, etc. If the quality of etch is also to be judged, a number of 

ee must be given: procedures for cleaning, positions in etch machine, size of 
ete. 


CuCl, + Cu 2 CuCl 2 
Saubestre™ has determined that, at 50 percent exhaustion (14 oz/gal copper) of 42° Baumé 
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The etching rate will vary with FeCl, concentration, temperature, chemical addit y or splash operation. Increased etch rates are due in part to the reoxidation of Fe** 
and mode of agitation, A 0.0014-in nominal (1-07) copper thickness should etch clean inf. acu" to Fe** and Cu**, 
to 14 min with fresh 42° Baumé FeCl, proprietary etchant at 100°F in a high-pressuz 


oscillating spray etcher. When the etch time exceeds 7 min under those conditions, th 4Fe~* + O, + 4H" > 4Fe!* + 2H;0 (25) 
solution is considered spent. 
The degree of solution exhaustion is commonly expressed as ounces of copper dis 2Cu*! + O, + 2H" 2Cu*? + 2H.O (26) 


solved per gallon of original solution used. It is determined most accurately by chemical 
analysis for copper content. Various methods are described in the literature.’ x 

For less accurate comparisons, standard solutions ean be made with, for example, 2, 4,6, 
or 10 oz/gal of copper diluted 2:1 and used without the aid of an instrument to determine 
whether a bath is sufficiently depleted to be discarded. Greer“ has also described an_ 
electrochemical method for measurement and control of the etching strength of FeCl. 


4: green to black precipitates form in this solution or on the work as it is being 
ped. The precipitate formation has been described as being due to.a reaction between 
foerous chloride and air. That is shown by reaction (27). 


(from air) 
4CuCh, + FeCl, + 0,—> 2CuCl-CuO + FeCls 7) 


” 
is) 


4 


25°¢ —30-35°C 
(77°F), (86-95°F) 39% FeCls DILUTED 
TO 35% WITH H20 


ot 
a 


39% FeCls 
DILUTED TO 35% 
WITH 30% HCl 


39% FeCls 


a 


RELATIVE ETCHING TIME, MIN 
6 


RELATIVE ETCHING TIME,MIN 
» 


SPECIFIC GRAVITY AT 20-25°C, °BE 
20 25 30 35 384042 45 


OZ) 4 S68 10 $12) 1 96 18 2 
COPPER DISSOLVED ,0Z/GAL OF ORIGINAL SOLUTION 


‘Fig. 8.6 Relative etching time vs. dissolved copper for 42° Baumé FeCl; diluted with H,O and HCL 
(30%)? 


° 
10 20 30 40 
FeClg ,% IN ORIGINAL SOLUTION 


Fig. 8.5 Relative etching time vs. FeCl; concentration at various temperatures.” 


c. Effect of Variables 

1 Concentration of reagents. Concentration of FeCl, (fresh solution) versus rel The double-salt erystals are only slightly soluble in hydrochloric acid. Another reaction 
etch times at different temperatures is shown in Fig. 8.5. “product, hydrated ferric oxide, may also be formed on etchant surfaces. Reaction (28) 

The best concentration for minimum etching time ult fresh solutions varies fog 30 “Shows the action. 
percent FeCl, at room temperature to 35 percent FeCl, at 70°C (158°F). As wor " = 
expected, an increase in the temperature causes an increase in the etch rate. ‘Thi 12FeCl, + 302 + 6H:0 > 4Fe(OH)s + 8FeCh ie) 
maximum temperature tolerable is that which can be used without harming the etch resi st Ferric hydroxide also forms when the acid concentration is depleted by stepwise 
being used, and/or one at which excessive fumes are produced. Spray etching is gene hydrolysis. Hydrochloric acid is added in small amounts to suppress precipitation. Ammo- 
operated at about 100 to 120°F. ium chloride is added occasionally to increase the etch rate. 

‘The advantage in etching rate shown in Fig. 8.5 is not retained beyond a certain level: High etch factors are also obtained when air is introduced into the spray or other 
copper. Beyond 8 oz/gal of copper, etch rates become intolerably high (Fig. 8.6). The etching processes, Additional studies on control of undercutting of patterns are given in 
percent solutions are frequently used for reason of cost advantage and because solutio ‘the literature. Methods require a careful use of solution makeup and agitation of 


are discarded after a concentration of 8 oz/gal of copper is reached? { €tchants. Powderless etching methods are used to gain increased etch factors, and the 
2 Addition of HCl. Figure 8.6 illustrates how additional HCl improves the re Tatio of depth of etch to lateral etch is increased by the use of additives. Examples of 
etching time for FeCl; solutions. Above 6 oz/gal of copper, the HCl depresses tl Additives are thiourea and disulfides, which form gelatinous films on the lateral shoulders 


formation of Fe(OH); and aids in the etching reactions. In this case, 19.3 fluid oz of 20° and sidewalls of etched characters.*** Phosphoric acid esters also have been proposed for 
Baumé HCl was added per gallon of original 39 percent FeCly. In effect, it increased d this purpose.” The practical value of these agents is limited by the instability of the 
useful capacity by 2 oz/gal of dissolved copper. elatinous film under the conditions of board etching operations. The changeover to the 
3 Agitation. The type of solution agitation has a considerable effect on the etchi ‘Rewer technologies of thin clad laminates and additive and semiadditive systems has 
time. The time required to etch copper in a still solution (immersion) is intolerably the need for this approach. 
from the start and rapidly increases, as does the dissolved copper. Time to etch a give d. Regeneration. FeCl, is not readily regenerated. Methods had been proposed"? but 
amount of copper ina still bath which has 8 oz/gal (60 g/L) of dissolved copper is just abo ‘Were not widely used at the time of writing, Regeneration systems are based upon the 
one-third more than that required for an agitated solution containing 16 oz/gal (120 g/L) to separate copper chloride from ferric chloride. When ferrous metals are etched, as 
dissolved copper at the same temperature. 4 Ee Ricroclectronic applications, the dual method is pimctical, In such cases chlorine gas 
Etch action is increased considerably when air is used for agitation or is introduced wil $d HCI are used to regenerate ferric chloride from ferrous chloride. 
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2FeCl. + Cle 2FeCl, 29 openings and frequent cleaning with acids prevent the difficulty. Disposal of spent 
z - i it i i the pH or simultaneous caustic 

‘Two methods are advanced as reasonable approaches for circuit boards. One method (F speb sen ces writ a tamaniae symieta® to Increase oo 
8.7) adds Cly and recovers copper from the ferric etchant by crystallization. The oid Gumping results in heavy sludge formation. Sewer disposal of spent FeCl; is not allowed, 


ee : 9 Be : it may be illegal. . 
of NHACI GM). pee aunbient temperature permits crystallization ofa chlorida a Gorosion. Steel, cast iron, and other metal pipes, decking, racks, roofs, drains, ete., 


uickly attacked to complete degradation by FeCl, and its fumes. Carbon or glass 


Ferric chloride is maintained at 6 oz/gal of copper. A problem is the disposal of the are nee i i PV inyl 

init i 5 7 i ile-lined dilution sumps are effective drain systems. PVC, polyviny! 

copper precipitate, A second method for copper recovery involves passing spent etchay, pipes leading to tile-lir ; ion from the etchant. 
over iron plates that reduce dissolved copper to metal as in (30) and Fig. 8.8. thioride, lined tanks, pipes, metal paints, etc., also offer good protection from the etel 


d other plastics as coatings are useful, Titanium is suitable when strength and 
properties are required. Pump parts, cooling coils, ete., which are kept con- 
‘stantly in contact with the solution may be made of titanium. Quartz, carbon, and titanium 
.rs are often used, Disadvantages of quartz and carbon include cracking and poor heat 
transfer. Nickel- and cobalt-steel alloys may be utilized to a limited extent. 


Cu* + Fe = Cu + Fe** 
By-products are copper sludge and dilute iron chloride solutions. 
¢, Etching Problems 


1 Rapid decrease in the Baumé value. ‘his is generally due to introduction of we 6 Disposal. Disposal of FeCl; is becoming an increasingly difficult problem as states 
into the etcher sump. It is commonly encountered when automatic equipment includ and cities become more concemed about 
rinse cycle. Frequent determination of the Baumé and scheduled inspection for worn, ‘sewage effluents. In addition to the severe WoRK WwoRK 
‘corrosion problem, aoe ie aan iN ETCHER [7 OUT 
WORK particularly copper, when dumped in natu- IRON 
IN ‘al waters, will disturb the bacterial growth PLATES 


jnired for sewage breakdown and will 
destroy plants and fish. Use of a local scav- 
‘enger service is a possible solution to the 
posal problem, but it is usually more 
costly and not the full answer. Refer to 
Chap. 9 on pollution control. 


CHLORINATION lecte DISPLACEMENT 


FeClo+Cla==FeCis| 
CHLORINATOR 


COPPER 
SLUDGE 


42. Chromic-Sulfuric Acids Chromic-sul- 
furic acid systems were the preferred etch- 
ant for solder- and ti es aren for 
“many years. The availability of alkaline 
Se odilied ammonium persulfite etsh- vest eS 

Fig. 87 Ferric chloride closed-loop regeneration and recovery process using reerystallization®* ants has reduced this preference. Also Fig. 8.8 Ferric chloride closed-loop regenera- 
‘responsible are pollution restrictions and _ tion and recovery by using iron displacement.” 
broken gaskets, plugged drains, and excessive water pressures must be standard proce ‘the fact that economic regenerative sys- 
dure. Baumé gravity by itself is not recommended for etch-solution control, u tems for chromic-sulfuric etchants are not available. In addition, the etch rate for the 
additional factors are involved. “system is not constant, and the practical limit of dissolved copper is only 8 oz/gal. 

2 Excessive sludge formation, Excessive temperature causing HCl evaporation, Although chromic acid etchants are strong o: ing agents, solder is not attacked owing 
presence of materials that react with the free HCl or hard water—particularly hard wate to the formation of insoluble lead sulfate. Undereut is generally less with solder-plated 
with a high carbonate content, are generally to be suspected. ‘Patterns as compared with gold and organic resists. Proprietary etchants are made by 

When sludge is encountered, it can be dissolved by the addition of 1.2 mL of cone ‘using chromic acid and sulfuric acid. Chromic acid and water form chromates according to 
trated HCI for each gallon of etching solution at 42° Baumé. There is an etching-tim _ the following reactions: 
advantage in diluting the etchant to 38 to 39° Baumé; and since HCl has the 


DILUTION 


CuCla* 2NH@CL+2H20 


= Cr0;* + 2Ht 
advantage of reducing sludge, it would be preferred to water for this dilution. re Se ee ara i 
operation must be approached with care, however. Since thin photo and other etch re OxOs* + Ht HCrOr (33) 
are attacked, the fumes are toxic and corrosive. } “3 = s 

Drie tne rabitrats contamination. Water rinsing does not always cola 6 The reaction between copper and chromate can then be written as: 
the ferric chloride. Rinsing accompanied by a heavy spray is effective while the salts # * a sa 
in solution. Manufacturing processes and equipment must be such that clean rinsi Sp iy re bans ila ales 82 
consistently attained, A 5 percent by volume solution of hydrochloric acid, oxalic a Potassium chromate (KsCrO,) and potassium dichromate (KsCr,0;) may also be used as 
EDTA is effective in removing iron and copper salts and is strongly recommended for t! ‘Starting materials. Equations (35) and (36) show the reaction with sulfuric acid to produce 
after the first rinse; it is followed by a vigorous final water spray. Simple condueti ‘the hexavalent Cr'* oxidizing agent. 


devices can be installed in critical rinse tanks to indicate solution contamination. > + H,Cr0. (35) 

absorbed on the laminate substrate are present as complex forms of FeCl. Su is se ines ei a 

washing, hydrolysis, and drying converts these salts to insoluble forms of ferrie oxi¢ i 

Insulation resistance of the abet readily degrades under such conditions. K,Cr,0; + H,SO, + H,O > K,SO, + 2HCrO, (36) 
Effective removal treatments involve fine pumice abrasion, a rinse of a 5 to 10 percent 

solution of HCl or oxalicacid, and a spray- or flowing-water rinse. The reader is referred Compositions of chromic acid etchants are given in Table 8.6. 

various studies on contamination of printed boards by FeCl.?-* r itic acid is normally used as the source of hydrogen ions. Concentrations of 10 to 13 

4 Clogged drains. Rinse tank drains, particularly small-opening hose types, easil ; nt by volume are used to achieve optimum etchants® and maximum holding 

become stopped up by precipitated salt formation (crust) on the walls. Large “pacity for copper. The use of other acids has been considered, but problems are 
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observed: HINO; increases the etch rate but causes attack on solder plate 
decreases the etch rate; acid fluorides attack titanium etcher parts and solder; and 
acids are degraded by chromates. Hydrochloric acid must not be added to this 
because of poisonous chlorine gas formation: 


2HCrOz + 6Cl- + 14H* — 2Cr*5 + 3Cl, + SHLO 


Chromic-sulfuric mixtures etch copper slowly, and additives are necessary to incre 
the etch rate. For example, NazSO, is used in formulation 1 of Table 8.6 and iodin 
compounds are utilized in formulation 2. Other additives reported are NaCl, AgNO,, 
mercuric chloride.” 


and temperature between 80 and 90°F. The solution should be discarded when 
metal content exceeds 5.5 oz/gal. 


thing, plastics, and many metals. Safety involves providing good ventilation to keep 

TABLE 8.6 Composition of Chromic-Sulfuric Acid Etch smes out of room air, acid-protection gloves, aprons, and face and eye shields, and storing 

Solutior from combustible materials. Dermatitis and nasal membrane damage are common 

ents of chromium salt handlers. Rubber gloves, shoes, and aprons recommended by 

# ae ‘manuficturers are preferably synthetic rubber such as Neoprene rather than natural 
240 g/L, 480 g/L, iubber, which may be attacked and/or become brittle. 


Na,SO, 405 g/L, 6 Equipment failure. Plastic piping and etcher structures may be catastrophically 
H,SO, (96%) 180 g/L. 31mUL eked or stressed, which will cause leaks to occur. Use only tested materials. 
Copper 49 g/L. “4 
i " i i ide- ic aci ed to clean and 
“Proprietary agents contain wetting, antifoaming, and che- Other Etchants Solutions of hydrogen peroxide-sulfurie acid are use ‘a J 
lating agents, and catalysts. etch copper in electroless copper and preplate processes. Stability of peroxide has 


been accomplished for these operations. The solutions would also be attractive as primary 
Other formulations are suitable not only for solder but also for tin-nickel-plated boat tchants because of their low cost, closed-loop regeneration, and copper recovery poten- 
Chromic acid etchant is suitable for use with gold-plated resists, screened vinyl laeque ‘Additional features are high copper capacity and reduced waste disposal problems. 
chy film, and liquid photoresists. However, there is a tendency for etchant mixtures to’ ted processes show a wide variation in peroxide concentration. 
aggressive on ian photoresists, particularly at high concentrations and temperature. etching reaction is as follow: 
Chromic-sulfuric etchants with additions of NaCl are used for Kovar photoetchi = 
Microscopie cross sections of 0.004-in-thick Kovar foil etched in chromic-sulfurie ac Sete Seer USE Dee ; on 
100°F in a vigorous spray etcher showed nearly perfect flat walls with little or “Technical problems in achieving application of this process for spray etching of copper 
undercut. q etching rate and peroxide stability. Titanium parts in spray etching machines may 
a, Properties and Control. Increase of temperature and agitation increases the etch na to be replaced with 304C or 316L stainless steel. Cooling coils for control of the 
considerably. However, air agitation of a solution in a tank results in a much slower e thermic reaction must also be provided. 
rate than vibration, spray, and splash etching. Air also produces a mist or spray w Nitric acid, although potentially an attractive etchant for copper, has not found suecess- 
not only obnoxious but also poisonous. The fumes are very corrosive and cause disastrot iLapplication in printed circuit manufacture, It has a strong oxidizing capability which 
results to plating solutions. Proprietary solutions contain antimist agents. It is a p to rapid etching, a high dissolved copper capacity, and very soluble nonsludging 
approach to consider the use of floating plastic chips to keep mist down on tank eteh oducts, It is readily available and economical. : : 
Rubber hoses, gloves, and electrical insulating materials will not hold up to this solut That potential has not been realized because of control, fuming, and attack on resists 
or its fume: d substrates. Copper etching is exothermic, and violent runaway reactions occur. The 
A hydrometer is used to control the Baumé value of the solution. The density should b Volution of toxic and corrosive fumes requires exceptionally good ventilation. 
Beton at 30° Baumé at 68°F and 28° Baumé at 80°F. Water is used to decrease his 4. Chemistry. The overall reaction in strong acids is shown by equation (39): 
Baumé solutions. Colorimetric standards made up by adding known quantities of coppe e SO= + 42 4. OD 
to fresh 30° Baumé etchant are used to mate copper Bane 8 a te BNOR ty ioe SOU 4 NOs fh SEO, ca oe 
b, Regeneration. Commercial systems for the regeneration of chromic-sulfurie acids a Solid film photoresists may hold up in this etchant. Etching is improved by addition of 
hampered by the complications of the processes, the corrosive nature of the products, am sullamate or urea complexing compounds. The commercial value of nitric acid etchant 
the handling hazards and pollution restrictions. Methods proposed include electrols I not be realized until the reactions can be controlled and substrates are resistant to 
deposition of copper and electrodialys pescl 
Copper and its alloys can also be etched with NaCN-H,O, and sodium chlorate-HCl 
itions.” In addition, metals other than copper are etched with a variety of special 
1 Solder attack. The protective value of solder is dependent on the formation Shants and techniques information about which is proprietary in many cases. Certain 
insoluble compounds on the surface. If the sulfate content ofthe bath becomes very lo ehing processes are described in the next sections. The reader is also referred to the 
is possible for the etchant to attack the solder. The presence in this etchant of chloride ture for additional recommendations for etching systems. 
nitrate ions from improper acid addition or water with exceptionally high chloride co ». Electroetching. This method of etching printed boards is limited by problems 
can also cause attack. When deionized water is piped in, it is common practice to pu ved with continued current flow once breakthrough to substrate occurs. 
the line periodically with a chlorine solution in order to destroy algae and other org ju Lhs technology for such processes has been discussed in the literature.” Noteworthy in 
isms. If the chlorine solution is not completely rinsed away, it can be the source © Utilization of this principle is the Morosi process. 
chloride ion contamination in the etch of other solutions. The solder plate compositi | 
can also be the cause of etchant attack. When the lead content becomes very low, # PROSWALS FOR BOARD CONSTRUCTION AND THEIR 
cube film protection is diminished and protection is lost. Excess catalyst is also a cause CESSING 
2 Slow or no etching of copper. This can be caused by low chromic content (high! 1 i i A 
low Baumé gravity), low temperature, insufficient acid, or high copper content (above 7 d board laminates are generally composed of copper bonded to a dielectric organic 
oz/gal). The solution should be maintained as close as possible to 30° Baumé, pH ab al. Metals other than copper and substrates of ceramic material are also used. 


ce, Problems 
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Organic dielectrics are thermosetting or thermoplastic resinous materials usually eg resins are attacked by concentrated sulfuric acid. This process, sometimes in 
bined with a selected reinforcing filler. The need for overall stability, chemical ‘on with hydrofluoric acid, has been used for etchback of plated-through-hole 
and good dielectric properties has resulted in the major use of thermoset-reinfs oni layer boards. 
materials for rigid and flexible printed boards. Thermoplastic materials are made with 3 pore ester. These thermosetting resins preceded the epoxies. To a considerable 
without reinforcing fillers and are generally used for flexible circuit applications, Ong the base polyester resin in combination with glass has been replaced by the 
the many factors in material selection is the effect of process solutions, etchants, Hes because of the polyester’s lower dimensional stability and chemical resistance. 
solvents. ve Jower than that of epoxies; and because its chemical, electrical, and physical 

Although the danger of solution and solvent contamination exists with organic d Jies are good, polyester is still used in applications from which epoxies are 
systems, extensive tests and experience have shown that a highly reliable and ele d because of cost. 
sound system can be manufactured. The type of substrate present may limit the " ‘most important film-type polyester as far as printed circuit manufacturing is 
organic resist, stripper, etch solution, and conditions. Epoxies, other thermosetting gy cemed is Mylar.* Copper-clad laminates of this material and similar films are readily 
ties, ceramics, and glass clad with copper or other metals will not be adversly affected ble in a variety of thicknesses. It provides a very strong substrate. The thinner films 
higher operating temperatures, unless the time in solution is excessive. When the to wrinkle when the circuit pattem is etched. This results in a need for side-frame- 
cladding does not completely coyer the dielectric substrate, organic solvents and | x supports. The high dielectric strength of Mylar makes it possible for use as very thin 
periods in acids and alkalines should be avoided. Temperatures of hot cleaners will so} having high electrical resistance breakdown. 
and deform thermoplastic materials. q “Chemical resistance is generally good. Resistance to glacial acetic acid, 20 percent 

In addition, the adhesives used in laminating the metal to the substrate can be sofl uric acid, 10 percent sodium hydroxide, acetone, ethyl acetate, trichloroethylene, 
loosened, and even attacked by some solutions used. If the laminate lifts fi ene, motor oil, silicone oil, asphalt, glyptal resin, and silicone resin is rated as 
substrate during normal cleaning or etching, the material manufacturer should. lent. “Good” chemical resistance rating is given for resistance to concentrated HCl, 
consulted. percent HINO,, and 12 percent NH,OH. “Poor” rating was given after exposure to 

‘The substrate chemical resistance limits the etchants and other solutions which may hromic acid, MEK, and concentrated NH,OH. 
used. The chemical resistance of these materials will vary considerably even for a spec Concentrated sulfuric-chromic acid and hot NaOH are used as conditioners to render 
material (such as epoxy-glass laminate), since each manufacturer varies lati surface hydrophilic for electroless plating processes.” Hot concentrated sulfuric 

id can be used to etch holes through Mylar by using copper as an etch resist. An 
14. Thermosetting Laminates ptable technique is to coat double-sided copper-clad board with photoresist, expose 

a. Amino, Printed circuit laminate resins are derived as reaction products of formal id develop hole pattem, etch away copper with ferric chloride, rinse, and dry, The holes 
hyde and urea or melamine. They are hard, rigid, abrasion-resistant, and fairly re hen etched through with hot concentrated sulfuric acid, This is a dangerous operation 
compression; they resist deformation, withstand zero temperatures without becomi ch must be done under a very effective exhaust system and with adequate safety 
brittle, are excellent electrical insulators, and are unaffected by common organic solv¢ ction. The H,SO, must be kept dry and free from water. Once etching is complete, 
greases and oils, and weak acids and alkalies, Operating temperatures are —70 to 210°F. horough rinsing and neutralization are required to remove all traces of acid, High- 

High mold shrinkage, age shrinking, cracking on wet-dry cycling, loss of phy. city xylene or TCE spray after rinsing helps to remove webbing. Light abrasive vapor 
strength, and electrical property changes limit the use of the material. Melamines ning is also effective in removal of the resist and cleaning out of the holes. 
resistant to strong oxidizing acids and strong alkalis. Weak sulfuric acid solutions sI Common etchants can be used. Organic resist strippers can be used; but tests should be 
little effect on alpha-cellulose-filled melamine even on long exposure. Visible di ade on samples first to determine their effect, since they may be attacked by certain 
tion is evidenced when melamine laminates are boiled in 1 percent sodium hydt ilorinated solvents. 


solutions or exposed to bleach, The common etchants used for printed circuit manul ne major disadvantage of polyester material is that it can easily melt, scorch, delami- 


ing can be used. Some discoloration and loss of surface properties may result in 50 or warp during soldering, although drilling, punching, and shearing operations can 
cases, ; dily be done with proper techniques. When drilling is done, care must be taken not to 
Melamine printed circuit laminates can be hot-punched and cold-sheared. Cr erheat and melt the resin. When the resin melts, it smears over the copper and causes 


however, is common with some types when cold sheared. ing, etching, soldering, and electrical problems. Service temperatures of Mylar film 

b, Epoxy. These thermosetting resins are the most commonly used plastics in p e from —51 to 150°C, and the melting point is between 250 and 265°C. 
board manufacture, They are combined most often with glass or paper, and they po Mylar has been widely used for flat flexible wire harness, but it has been replaced in 
exceptionally good electrical, physical, and chemical properties. Properties can be Many flexible circuit applications by heat-resistant polyimide materials. 
over a wide range by changing resin type and/or filler. Most manufacturers have their Phenolic. These thermosetting plastics are made by combining phenol and formal- 
formulations. Manufacture with well-controlled conditions has shown that a high-qual iyde. They have high dielectric and impact strength, and the heat, acid and alkali, and 
and high-reliability product can be made on a consistent basis. er resistance of the resin is good. Phenolics are lightweight and are easily machined. 

Chemical resistance is good. Strong acids and bases have no effect at normal inted circuit laminates have been made since their inception by using the phenolics 
tures even when exposure is well in excess of that required for printed board pro * various fillers. The sheets have been standardized by the National Electrical Manu- 
Long-term exposure to strong alkalies, especially if heated, will result in swel suring Association (NEMA) into various grades and classes each of which has its own 
some resin breakdown, Care should be taken when hot alkaline strippers are used. Of electrical and physical parameters. 

Commercial organic resist strippers are, for the most part, not detrimental to lamin Copper-clad phenolic paper is often used for commercial electronics equipment 
which are covered with copper, Damage may be substantial when boards are prodt use it is lower in cost than epoxy-glass laminates and yet is adequate for many 
the print-and-etch method, which results in exposure of the unclad substrate. Time im! {Wblications. Phenolic materials will burn, but at a rate which varies with the filler used, 
temperature of strippers and vapor degreasers must be held to a minimum. The p ol fak acids have little effect at room temperature. Phenolics are decomposed by concen- 
leaving drilled boards with unplated holes in strippers, TCE, acetone, xylene, and of oxidizing acids, acetic acid, and strong alkali solutions. Concentrated organic and 
solvents for extended periods will result in swelling and delamination. Crests arow Sucing acids have little effect at room temperature. Weak alkalies cause slow degrada- 


holes on both sides are evidence of excessive exposure to solvents or strong alka at room temperature. Hot strong alkali cleaners must be used very carefully with 
Flame-retardant grades are available for constant use at temperatures over 125°C. _ © S€ materials, 


temperature-stabilized grades operate continuously at 200°C and are used for sen 


ductor chip and wire attachment applications. ~~ Sstered trademark of E. I. du Pont de Nemours & Company. 
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Although phenolics are rated as fairly resistant to solvents, considerable care muse 
taken when resist strippers are used. Danger is lessened when the laminate is protec: 
by copper on both sides and in the holes, or when no holes exist, since only the cut ¢ 
are exposed. On print-and-etch boards, the stripping must be done very carefully ang” 
quickly to prevent attack on the exposed phenolic. Concentrated, hot chromie-sulfe 
acid mixtures used for etching will aitack phenolic. Ferric chloride is the safest etchanty 
use, Laminate manufacturers rate their materials suitable and resistant for use in ‘ 
chloride, chromic acid, and ammonium persulfate for as long as 30 min. On solder-p], 
boards, alkaline etchant or ammonium persulfate used at room temperature or oy 
slightly elevated temperatures is suitable. Standard commercial materials with paper fille 
are suitable for continuous use at temperatures up to 250°F (121°C). Glass, mica, @ 
asbestos fillers may raise the temperature of use to as high as 500°F (260°C), 
¢. Silicone. These thermosetting plastics are higher in cost compared with the organs 
(carbon) family of plastics. Resins combined with glass fibers or other fillers are used in 
laminates suitable for temp res ater than 600°F (315°C). Silicone laminates 
are available commerciall itable for continuous use at 250°C temperatu: 
tance as printed circuit laminates has been slow. 

Weak acids and alkalies have little or no effect on the materials; strong acids have son 
slight effect. Strong alkalies and organics will attack the silicones at a rate dependent 
temperature, composition, etc. Organic strippers should be used with care. Ferrie ehigs 
ride, ammonium persulfate, and alkaline etchant can be used to etch copper on 
substrates. 

f. Teflon, Fluorocarbon thermosetting resins including, for example, FEP film 
TFE- or FEP-impregnated glass cloth have found wide acceptance in industry. Applig 
tions include aerospace, aircraft, automotive, computer, communications, electrical appli 
ance, and instrumentation. Copper-clad and unclad film and sheet are available for 
standard and flexible printed circuitry. 

The excellent chemical resistance of fluorocarbon resins is widely known. Them 
stability up to 200°C is good. Soldering irons, resistance soldering, or solder preforms, 
well as wave and flow soldering, can be employed without degradation or deformation, 
Because of its superior chemical resistance, few chemical agents are available 
etching or surface conditioning prior to plating. The most suitable are mixtures of alkt 
metals with liquid NH, or naphthalene. Halogenated hydrocarbons, with a precondité 
ing treatment, also are effective etchants at elevated temperature. Boards with plat 
through holes in Teflon* can be made by using a preconditioning treatment with 
liquid NH, 4 

&- Polyimides. Resins of this class, although thermoplastic, decompose rather than m 
Temperature and dimensional stability are outstanding; in the form of either 
laminate or flexible film, the polyimides are recognized for high-temperature applications 
The Kaptont (H film) temperature range is —269 to 400°C, and use can be continuous it 
200°C, Polyimide copper circuitry finds use in silicon chip-tape packaging and stand 
chip and wire attachment, It is suitable for use in all of the common etchants, but it will b 
attacked by concentrated acids and bases. It is available with a Teflon overcoating whié 
allows it to be heat-sealed or -joined. Adhesives are available for use with it, and 
resistance to solder damage is good. 

Other useful thermoplastics include diallyl phthalate (DAP) and such high-temperattil 
space age materials as phenylsilane, polybenzimidazole, and diphenyloxide. 


15. Thermoplastic Laminates Laminates with reinforcements of glass or asbestos ane 
thermoplastic resins find use in flexible circuit applications. Chemical resistance to these) 
materials is generally less than that of the thermoset resins. In some cases solvents Wi 
dissolve or etch the thermoplastic resins. Materials are arbitrarily divided as follows? — 
1. Low cost and general utility: polyethylene, polypropylene, polycarbonate, atl 
polyvinyl chloride. 
2. Microwave strip-line: polystyrene, polyphenylene oxide, PTFE, polysulfone, i 
irradiated polyethylene. 
3. High-temperature: pol 


ide and stabilized epoxy. 


*Registered trademark of E. I. du Pont de Nemours & Company. 
+Registered trade name of E. I. du Pont polyimide film. 
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{ditional information on all materials discussed can be found in the literature"-"*! 
* 2 


4] NEMA and military designations. 
and NES 


oz). Copper, on the various substrates described above, accounts ee the 
sortion of the printed board cladding metal today. The trend has been tov rae hin 
ozifé or less. This section contains metallographic cross sections of con ed 
* «lines prepared by the methods described in earlier chapters and etched according 
3 jescribed under General Etching Considerations. Standard 1-0z copper 


‘a. Copper (I 


jal was used except in cases noted. Circuit boards were spray-etched under the 
ie he described. Every attempt was made to remove the boards as “etch through 


ition x > z = 
condi ved. Etchants were alkaline ammonia, cupric chloride, FeCl, ammonium 


persull 


fate, and chromic-sulfuric acids. 


Fig. 8.9 Dry filin photoresist printand etch over Fig. 8.10 Dry film photoresist print and etch 
0,002-in panel-plated copper. Conditions: alka- over 0.002-in panel-plated copper. Conditions: 
Hine ammonia, 125°F. (Original magnification, cupric chloride, 120°F, 16 oz/gal dissolved cop- 
500%.) per. (Original magnification, 300%.) 


Mig. 8.11 Solder plate. As-plated panel-plated Fig. 8.12 Solder plate, Pattern-plated copper 
Spper 0.002 in Conditions: and solder, as-plated. Conditions: chromic-sul- 
lic-sulfuric acid, 120°F. (Original magnifica- __furic acid, 120°F. (Original magnification, 300%.) 

x.) 


1 Dry film. Figures 8.9 and 8.10* show typical trace edges produced in alkaline and 
Supric chloride etchan 2 
Solder plate. Alkaline ammonia, ammonium persulfate, and chromic-sulfuric acid 
aunts on solder-plated copper circuitry show the typical etch structures in Figs. 8.11 
W28.12. The overhang of undercut copper and solder is ductile and difficult to remo 
Hard brushing or scrubbing is not recommended because of the resultant scratches, 
Mieating, and exposure of copper. Fusion reflow of the solder plate is the most effective 
ment and results in the overhang being fused over the copper edge. See Figs. 8.13 


Microscction material courtesy of Datalab, Santa Clara, Calif. 
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and 8.14. These etchants result in similar circuit line and pad edges after etching, and tine 
lead reflow operation 


3 Solder over Tin-Nickel. This metal system shows increased reliability when com. 
pared with solder over copper boards® Typical trace edges for alkaline and ammonitim 
persulfate etching are shown in Figs. 8.15 and 8.16. Solder reflow is effective in this case, 


Fig. 8.13 Solder plate. Patter-plated copper Fig. 8.14 Solder plate. Pattern-plated copper 
and lead-tin solder reflowed at 400°F. Condi- and lead-tin solder reflowed at 400°F. Condic 
tions: alkaline ammonia etchant, 125°F. (Original tions: Chromic-sulfurie acid, 120°F. (Original 
magnification, 300%.) magnification, 300x.) 


4 Gold over Tin-Nickel and Tin-Nickel. Figure 8.17 shows a typical overhang pro- 
duced on a panel-plated board when spray-etched with FeCl. Figure 8.18 shows a typical 
cireuit trace edge after FeCl; etching. The board was pattern-plated with copper, tine 
nickel, and gold. In actual practice the gold thickness may be reduced substantially (4 to 
10 pin), These results are obtained when boards are produced with tin-nickel (no gold) or 
when chromic acid etchant, which requires a longer etch time, is used. Typical examples 
of tin-nickel and gold over tin-nickel boards etched with ammonium persulfate are shown. 
in Figs. 8.19 to 8.22. In these cases considerable undercutting was observed even though 
time in the etchant was not excessive. 

The results of alkaline and ammonium persulfate etching on tin over 
nickel are shown in Figs. 8.23 and 8,24. Similar results are achieved with Sn over Sn-Ni 
Reflow is not feasible for bright tin plating. 

6 Gold. Figures 8.25 and 8.26 are typi- 
cal examples of cross sections of gold- 
plated printed circuit traces etched im 
either FeCl, or chromic-sulfuric acid. 

Pattemn- and panel-gold-plated boards 
etched in ammonium persulfate are shown 
in Figs. 8.27 and 8.28. As before, undercut 


Fig. 8.15 Solder over tin-nickel. Pattern-plated Fig. 8.16 Solder over tin-nickel. Pattern-plated 
copper, tin-nickel, and le alloy. Conditions: copper, tin-nickel, and leadl-tin alloy. Condition 
alkaline ammonia, 125°F. (Original magnifica- ammonium persulfate (Original magnif- 
tion, 300%.) cation, 300.) 


ig. 8.17 Gold over tin-nickel, Panel-plated 
i x, 0.002 in; tin-nickel, 0.00015 in; gold, 


cop! s 


0.000080 in. Conditions: 42° Baumé FeCl; (prod- 
uct of P. A. Hunt Co., NJ.), 100°F, 2 min. (Origi 
nal magnification, 30x.) 


Fig. 8.19 Gold over tin-nickel. Panel-plated 
copper, tin-nickel, and gold. Conditions: ammo- 


hium persulfate, 120°F. (Original magnification, 
300 x 


in-nickel. Panel-plated copper and 
Tinickel. Conditions: ammonium persulfate 
20°F. (Original magnification, 300%.) 


Fig. 8.18 Gold over tin-nickel, Pat 

copper, 0.003 in; tin-nickel, 0.00018 in; gold, 
0.00008 in. Conditions: 42” Baumé FeCl, (prod- 
uct of P. A. Hunt Co. NJ.), 100°F. (Original 
magnification, 300%.) 


Fig. 8.20 Gold over tin-nickel. Pattern-plated 
copper, tin-nickel, and gold. Conditions: ammo 
nium persulfate, 120°F, (Original magnification, 
300%.) 


. 8.22 Tin-nickel, Pattern-plated copper and 
ckel. Conditions: ammonium persulfate, 
. (Original magnification, 300%. 
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Fig. 8.23 Tin over nickel. Pattern-plated cop- Fig. 8.24 Tin over nickel. Pattern-plated cop. 
per, nickel, and tin, Conditions: alkaline ammo- per, nickel, and tin. Conditions: ammonium per- 
nia, 120°F. (Original magnification, 300%,) sulfate, 120°F. (Original magnification, 300%.) 


and gold overhang are pronounced in each case. As noted elsewhere, the overhang or 
featheredge must be removed in all cases to prevent operating electrical shorting. Ultra- 
sonic agitation and cleaning after etching is effective provided a harder brittle alloy gold 
(Type II) has been used. 

7 Thin Clad Copper. Etched printed boards with %4-0z copper-epoxy laminate show 
minimal overhang and slivers. Metallographic cross sections of solder mask over copper 


Fig. 8.25 Gold. Panel-plated copper, 0.002 in; Fig. 8.26 Gold. Pattern-plated copper, 0.0032 
gold, 0.000100 in. Conditions: 42° Baumé FeCl; in; gold, 0.001 in. Conditions: 42° Baumé PeCls 
(product of P. A. Hunt Co., N.J.), L00°F. (Ori (product of P. A. Hunt Co., N.J.), 00°F. (Original 
magnification, 300%.) magnification, 300%.) 


Fig. 8.27 Gold. Panel-plated copper and gold. _ Fig. 8.28 Gold. Pattemn-plated copper and gold. 
Conditions: ammonium persulfate, 120°F. (O1 Conditions: ammonium persulfate, 120° 
nal magnification, 300%.) nal magnification, 300X.) 


(Origi- 
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and solder-plated boards trace-processed in alkaline etchant are shown in Figs. 8.29 and 


“S Semiadditive copper. A 0.00004- to 0.000100-in copper thickness with subsequent 
copper and tin plating shows no overhang or silver formation, Figures 8.31 and 8.32 
{llustrate results. 

}. Aluminum. Aluminum-clad flexible circuits find use in microwave strip-line® and 
radiation-resistance applications. Aluminum and its alloys have gdod electrical conductiv- 
ity, are light in weight, and can be plated, soldered, brazed, chem-milled, and anodized 
‘with reliable results, Special procedures are required. Laminate dielectrics include 
PPO*, polyimide”, epoxy-glass, and polyester. 

Precleaning for resist application includes nonetch alkaline soak, water rinsing, 5 to 10 s 
in chromic-sulfuric acid, rinsing and drying, Photoresist or screen inks are applied for 
circuit etching. 

Ferric chloride (12 to 18° Baumé), NaOH (5 to 10 percent), inhibited HCl, and 
phosphoric-acid-based acids are preferred etchants. Solutions of HCI-HF and FeCl,-HC] 
also etch aluminum. The cross section of a circuit trace is shown in Fig. 8.33, 

For deep etching or chem-milling, screen-printed vinyl resists are the most durable, 
although photoresists also are suitable. Thorough water rinsing (spray deionized wate 
preferred) follows etching. A dip in a 10 percent by volume HNO; solution will remove 
possible residues (dark copper smut) from the surface or edges of conductor lines which 
may be left on some alloys. Dilute chromic acid has also been used for this purpose. 
Thorough deionized water spray rinsing after etch is recommended. Pure aluminum is 
inert to the chromic-sulfuric acid etchant. 

c. Nickel and Nickel-based Alloys. Nickel is finding increased usage as a metal cladding 
and as an electroplated or electroformed structure for printed wiring applications because 
of its suitable welding characteristics, Nichrome- and nickel-based magnetic alloys are 
further examples of this type of material requiring special etching techniques. 

The standard methods described in Chap. 6 are readily adapted for image transfer on 
nickel-hase rials. Etching is carried out by using FeCl, 42° Baumé, at about 100°F 

, lude solutions made from 1 part HNOs, 1 part HCI, and 3 parts HO or 1 
part HNOs, 4 parts HCl, and 1 part H,O. The HNO, and HCI are 70 and 37 percent, 
respectively 

d. Stainless Steel. Alloys of stainless steel are used where there is need for resistive 
elements or high tensile strengh. Flexible circuit dielectrics include Kapton* and epoxy- 
ass Etching of the common 300 to 400 series can be carried out with the following 
solutions 


1, FeCl, (38 to 42” Baumé) with 3 percent HCl (optional). 

2. 1 part HCl (70 percent by volume), 1 part HNO; (70 percent by volume), 1 to 3 
parts by volume. Etch rate is about 0.003 in/min at 175°F. This etchant is useful for high 
300 to 400 series 

3. FeCl, + HNO, solutions 

4. 100 parts HCI (37 percent) by weight, 6. 
by weight. 

An example of a stainless-steel flexible printed circuit is shown in Fig. 8.34. 

¢. Silver. Silver, the least expensive of the precious metals, possesses electrical and 
thermal conductivity superior to all other metals and ductility second only to gold, high 
reflectivity of visible light, a high melting point, and relatively good chemical resistance. 
It finds wide uses through the electronics industry. Flexible circuit structures silver clad 
to epoxy-glass are used in electronic cameras and LED products. 

Standard image-transfer methods are suitable, Pre-etch cleaning should include a rinse 
with dilute HNOs. Etching can be done in nitric acid (70 percent), but considerable heat 
is evolved by the rapid attack. Mixtures of nitric and sulfuric acids are effective etchants. 
With silver on brass or copper substrates a mixture of 1 part HNO; (70 percent) by volume 
and 19 parts HsSO, (90 percent) by volume will dissolve the silver without adversely 
attacking the substrate. Water must be kept out of these solutions, and the solutions 
should be changed frequently to prevent immersion silver formation on the copper. 
Zontrolled etching can be done with a solution containing chromic acid, 40 g; HsSO. 


parts HgNO, by weight, 100 parts H,O. 


“Kapton, product of E. I. du Pont de Nemours & Company. 


Fig, 8.29 Thin clad copper. Solder mask over '- 
oz copper, Conditions: alkaline ammonia, 120°F. 
(Original magnification, 300%.) 


Fig. 8,31 Semiadditive copper. Pattern-plated 
copper and tin over electroless copper (0.000040. 
0.000100 in). Conditions: alkaline ammonia, 
120°F. (Original magnification, 300%.) 


Fig. 8.33 Aluminum-clad flexible circuit. Alu- 


minum 1100 series, 0.001 in on Pyralux (product 
of E. L. du Pont de Nemours & Company). Condi- 
tions; ferric chloride, 100°F. (Original magnifica 
tion, 300%.) (Courtesy Buckbee-Mears Company. 
Minn.) 
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Fig. 8.30 Thin clad copper. Tin-lead plating 
over Yor copper. Conditions: alkaline ammonia, 
12 (Original magnification, 300.) 


Fig. 8.32 Semiadditive coppe 
pattem-plated copper over electroless copper 
(0.000040-0.000100 in). Conditions: alkaline 
ammonia, 120°F. (Original magnification, 300%.) 


Solder mask and 


Fig. 8.34 Stainless-steel flexible circuit. 316 full 
hard stainless steel, 0.002 in on Pyralux (product 
of E. I. du Pont de Nemours & Company, Del: 
ware). Conditions: ferric chloride, 100°F. (Orig 
nal magnification, 30x.) (Courtesy Buckbee- 
Mears Company, Minn.) 
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(96 percent), 20 mL and H,O, 2000 mL.” This is followed by a rinse in 25 percent 
NH.OH. Thin films of silver are etched in 55 percent (by weight) Fe(NO;). made up with 
1,0 or ethylene glycol. Solutions of an alkaline cyanide and H,O, will also dissolve 
silver. Electrolytic etching is possible with 15 percent (by volume) HNO; (70 percent) at 2 
V and a stainless-steel cathode. 

amples of other laminates include beryllium-copper and brass on polyimide. Etch- 
ants are identical with those for copper, Fig. 8.35. 


UNDERCUT, ETCH FACTOR, AND OVERHANG 


During etching, as the depth of etch proceeds vertically, the sidewalls tend to etch 
sideways. This produces an undercut action. The degree to which it occurs is known as 
the etch factor. The etch factor is defined as 
the ratio of depth to side attack (Fig. 8.36). 

In practice, controlled spray etching ver- 
tical to the copper surfaces with selected 
etchants leads to high etch factors. Immer- 
sion etching generally results in lower etch 
factors. As suggested earlier, fine-line etch- 
ing with a minimum of undercut is best 
carried out by removing the board from the 
etching machine exactly at the time of com- 
pletion (etch through). The undercutting 
action must be considered and compen- 
sated for or designed into the artwor 
especially for panel-plated boards, thick 
metal cladding, and high-definition and fig, 95 Beryllium-copper flexible circuit. 
fine-line pattems. The etch factor can be Beryllium-copper 0.0014 in on Pyralux (product 
minimized on metal parts by putting the of E, I. du Pont de Nemours & Company). Condi- 
resist pattern in register on both sides and tions: ferric chloride, 100°F. (Origi 
etching the two sides together. tion, 300%.) (Courtesy Buckbee-Mears Company, 

Addition agents, referred to in the pho- — Minn.) 
toengraving arts as powderless etching and 
banking agents, promote protective films on the bare sidewalls.'* Other references on 
fine-line etching and undercutting may be found in the literature.“ 

Undercut and overhang for plated resists are illustrated in Fig. 8.37. Overhang i 
especially dangerous in a high-vibration or airborne system, since it may fall loose as 
metallic slivers and cause electrical shorting. Removal after etching is by soft-brass 
brushing, ultraso1 gitation, rinsing, adhesive-tape application (impractical and also 
subjects metal to unnecessary peel forces), or, in the case of solder-plated resists, by the 
preferred method of fusion. 


EQUIPMENT AND TECHNIQUES 


Etching techniques and the equipment used today have evolved from four basic methods: 
immersion etching, bubble etching, splash (paddle) etching, and spray etching. Spray 
etching is the commonest method, since it is fast, well suited to high production, and 
capable of very fine line definition 


17. immersion Etching Deep-tank, or immersion, etching processing represents the sim- 
plest method of etching. Pieces are immersed in the solution until etching is complete. 
Immersion etch techniques require long 

Process times, an intolerable factor in 

large-quantity production RESISTA, 

Heating the etch solution and agitation =a E 4 
of some form speed up the action. Uni- Z \ COPPER 
form etch action is attained when heat | LAMINATE 
and stirring action are uniform over the xk 
©ntire surface area. The method is partic- ETCH FACTOR: 
ularly suitable for laboratory etching of * 
small or prototype boards. 


8.36 Etch factor in printed board etching, 
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18. Bubble Etching Bubble etching is a modified form of immersion etching. Air ‘ jsadvantages of slowness, even when construction is designed for double-sided 

bubbled through the solution and past thé i Pairs f Disadvantages of slowness, ; f tomatic and 

sion mo natn (erste si ech cn te ue ne ae patil che oe met oe ere a 

rinses away dissolved metal. (2) It provides O., which increases the effectiveness of fl faste™ thy good. As with several other etching machines, boards may have to be tumed and 

Se Ta a regenerating the etchant. This ig “genera! ring etching to produce a uniformly etched pattern. Figure 8.38 shows splash- 
under the particular etching solutions. ‘ 5 

Air pressures up to 2 psi are used. A 0.5-in PVC pipe leading down and across tJ type etcher design. 

as ee: Dae ee Mi lerehaneo cory reece go.spray Etching Spray techniques include single and double-sided etching with either 

s a angle worl factorily. 3 util As 5: verti ‘ioning of the work. 

filter careilaee ew h sed oe air eouchont the tank. Adequate ventana is a pee thar svay techniques yield high etch factors and short etching tines is ser 

requirement. Chromic-sulfuric acid etchant used on solder-plated copper boards is pep The conditions of high impact on the surface, solution replenishment, an 

haps the greatest application of bubble etching. Ammonium persulfate may also be Ber ene aver are factors contributing to that effect. As in all etching procedures, 

but cooling coils are required. 9s the highest definition (fine-line patterns) or use of thicker copper fo 


Tn operation, cleaned boards are placed in a rack about 0.5 in apart. Provision must Hy contol of the undercutting action by taking care not to prolong the etching action, (2) 
made for holding them down and yet allowing the solution to flow freely across the Be eatton in artwork designs. and (3) etchant selection, 
surfaces. In some cases the rack is merely a rod placed through a hole at the top a1 ‘Spray-etching machines have evolved simultaneously with the chemical-r 
bottom of panels, with spacing made by a bead inserted between each pair of panels, Bijaed plas essential to their construction. Materials of the PVC type in sheet and cast 


Close-fitting pieces of rubber tubing can be used to secure the ends of the rods. D 


form are used extensively in present machine 
constructions. Support rods, heater sheaths, 
‘cooling coils, nuts and bolts, shafts, and other 
items requiring greater strength, heat resis- 
‘tance, or conductivity are most commonly 
‘made of titanium. That metal is suitable for 
constant immersion in all solutions of alkaline- 


f—rrece WIDTH ON FILM ioe 


PRINTED 
PLATED RESIST BOARD 


PLATED AND 
FOIL COPPER 


Saal Uno} jonia, cupric chloride, ferric chloride, DRIVE MOTOR 
| ie aay rcconium persulfate, and dilute and concen- FOR PADDLES 
al [—overane : tric and sulfuric acids. Sulfuric act 

hydrogen peroxide etchants would require 
Fig. 8.37 Undercut and overhang for a plated-metal resist pattem, : ‘stainless-steel materials. Polycarbonate plas- 


stelloy C alloys are also commonly 
etching the operator takes the rack out and tums it end for end. This results in more even Es ctiylos Ane cartudgos ons vaed 
etching, ‘on certain machines and are suitable for use 

Adjustable metal rod or strap racks so designed as to allow end-for-end rotation can with common etchan' 
made of titanium. Plastic may also be used. More uniform etching is attained when me Pump parts, spray nozzles, and other items requiring good dimensional stability along 

ion also is changed during the etch cycle. with chemical resistance at somewhat elevated temperatures are made economically from 

Since hoards are heavy, racks have to be rugged and built of materials not affected by polycarbonate resins. It is very important that organic solvents, oils, and chemical resis! 
the etching solutions. PVC has been found to be a very suitable plastic because of Strippers be kept away from these plastics, which might be dissolved or swelled by the 
chemical resistance when used below 175°F and when not subjected to harmful organ contact. 
solvents. q Another important caution is that PVC will distort when heated. Distortion will occur 

Water immersion into a triple-cascade flowing tank works well. Spray rinsing is m With temperatures as low as 130°F. PVC pipes used to transport hot solutions may expand 
effective on racked panels. After thorough rinsing and neutralizing, unracking can b and stretch to the point that moving parts in certain spray systems become bound up and 
done while boards are submerged in the last cold-water rinse and blown dry, Altema nonworking. x 
tively, the entire mck may be alcohol-rinsed and blown dry. Zi Asimple etching machine has a box-type chamber with a lid at the top and sump below. 

i he solution is ppmped from the sump and harged out of the spray nozzle toward the 
19. Splash Etching Paddle or splash etching offers distinct advantages over bubble or still hoard surface. In that way fresh solution is constantly impinged against the surface, which 
etching with regard to evenness of etch and minimization of undercut. It has, however fesults in rapid etching. Evenness of etch is dependent upon uniformity of spray pattern, 
the limitation of being able to handle only a few pieces at one time even when double | ‘ainage, and factors peculiar to the material being etched, as well as the pattern 
paddles are used. It is widely used in the photoengraving arts. Configuration. Double-sided etching machines are well suited to production. 

A large-volume reservoir is built into the bottom of the tank to minimize solution” Both sides of the board must be at equal distance from the spray nozzles for double- 
replacement, The etch solution is picked up in a cup attached to a motor-driven shaft Sided etching. Also, the pressure distributed to the nozzles should be equal on both side: 
is thrown by centrifugal force toward boards being etched. Speed of shaft rotation and cup it is not, front-to-back etching will be uneven. 
design (shape, volume) determine the amount and force of solution coming in co The intake line to the pump should have a filter on it to prevent crystallized salts or 
with the board. Paddle-speed adjustments are available; they allow tuning for the best issolved pieces of metal from getting into the pump and causing damage or plugging 
action on a variety of metals by different etchants. UP nozzles. A 5 percent HCI solution is effective in removing dried spots of ferric chloride 

A variety of paddle construction materials such as stainless steels, hard rubber, plastics chromic acid from the machine surfaces. Ammonium hydroxide and water are effective 
and ceramic are available. Until recently the main tank was cast ceramic. Ventilation and n alkaline etchant residues. A heat variance of 5 percent should be expected on 
exhaust fans are highly recommended. Ferric chloride, cupric chloride, and chromic Production equipment, but closer control can be attained by controlling exhaust and 
sulfuric acids may be used in this type of etcher. Ammonium persulfate is not normally having a better heating system. Spray patterns and pressure also vary with nozzle and 
used in paddle etching because of the danger of overheating, although cooling coils could Pump wear, Maintenance and repair are relatively easy, since machines are well built and 
be installed, 4e simple in construction. 


Fig. 8.38 Splash etcher design. 
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Pressure ganges and regulators for each nozzle bank are available and are essential fy 
Al 


even etchiny , rotary racks which vary the position of the article being etched so that 


runoff effect is minimized can be used. Modifications to standard, off-the-shelf models 
he made by the use of well-positioned, matching spray nozzles and provisions for di 
temperature-readout thermostats which regulate current to heaters. 

Ammoniated alkaline etchants, if allowed to crystallize excessively, may cause 
lems with plugged nozzles, damage, and excessive wear of working parts of 
maching 

a. Vertical Etching. Vertical etching is carried out by placing panels in a rack that i 
similar to a drawer frame and which seats tightly when lowered into the spray-box ag 
Design of a vertical spray etcher is shown in Fig. 8,39. 

More even etch is obtained when the nozzles are oscillated during the etch cycle. 
is evidenced by the pattem of the spray breaking through the metal cladding (co 
sooner than at areas where the spray is less direct. By increasing the number of no 


the effect may be lessened, but it is not completely eliminated, A combination of nog; 


movement and oscillation up and down or sideways, with a large number of nozzles 
broad, solid patte: should provide the best attainable results. Always provide main 
nance. A certain degree of unevenness of ete} 
is produced by the greater amount of etch 
and its movement as it drains off at the bot 
The unevenness can be minimized by 
the board during the etch cycle. For exan 
when a 2-min etch time is needed for 
plete etching, the timer can be set for o1 
or one-fourth of the etch time. At the 
each interval the board should be turned 
and rotated 90°. The timer should be 
off manually even though it may have tume 
off automatically. Provide safety features. 

Machines of this type do not have built 
insing or neutralizing capability, A 
expense effective rinsing setup for th 
machines is a narrow tap water spray-only tank into which the entire drawer frame (rac 
can be easily transferred. The tank should be so laid out that the rack need not be 
for entry. An acid or other suitable neutralizing solution can also be located in the area. 

Although shorter etching times are possible than with the bubble etchers, only a 
boards or panels can be done at one time. As compared with batch bubble etching, # 
slows down the total output considerably. 

When sprays are mechanized, it is very common for wear or loosening of locking 
devices to result in slippage and consequent loss of nozzle movement. Spare seals, O 
rings, packings, hardware, spray nozzles, pipe fittings, tubing, motor brushes, and 
should be available for maintenance. 

Most vertical etching machines are filled with etchant from the top. An all-pl 
transfer pump should be used to transport etchant into the sump. 

b, Automatic Vertical Etching. ‘The automatic vertical etching machine is designed 
racks which are loaded outside the machine and then placed into the i 
continuously tuming serew or other mechanism carries the rack through the etch cham 
ber, where it is single- or double-side sprayed by oscillating banks of spray nozzles. AS 
travel continues, the rack goes through a waterspray-rinse chamber and out of # 
machine. Time in etch is controlled by a feed screw. Built-in heaters and cooling coils 
available. Control of pressure to each bank of spray nozzles and on-off valves pro 
additional versatility. 

The etchant sump has a larger volume of etchant than drawer-type vertical etchers h 
which allows more boards to be etched before the etchant is spent. Production rates af 
higher than with drawer-type units. Potential problems of this machine should be 
out. 

1, Rinse-water cycle may cause dilution of the etchant. : 
; 2 ae lead screw used to feed the loaded racks has considerable wear on it and has! 
short life. 
3. The feed screw will be damaged if the loaded racks are not placed correctly int 
the machine and therefore cause jamming. 


Fig.8.39 Vertical spray etcher design, 


2 


Etching 8-41 


4, Adequate ventilation is required, since etchant fumes come out of the etcher when 
ring or leavin; : 
ee eins euhing Feet hoy epee raze loeeacessates 4560: endl other variables 
optimized. Setting the machine time with two complete cycles and tuming the rac 
ad nd between cycles also increases etching uniformity. 
a0 fvontal Etching. ‘The single-sided variety of horizontal etching was used for many 
© in the photoengraving arts prior to its application to printed circuit manufacture. The 
principal use was for fine-line and dot-printing plates. The principles of the upward 
vigorous Spray and the use of additives to reduce undercut and increase etch factors were 
eloped in the photoengraving trade and are now of use in printed board processing. 
‘Double-sided horizontal etchers are generally preferred in printed cireuit manufactur- 
ina, since the majority of the boards are two-sided. The etcher is available with a drawer- 
holding rack, and this type also has a built-in sink at the left of the etch chamber. 
Pi ds are placed in the rack, which is pushed into the etch chamber. The etch operation 
jg carried out and automatically pushes the rack into the rinse area after a timed cycle. 
Etching is done from independently controlled spray-nozzle banks at the top and bottom. 
Desirable features in horizontal etching machines include the following: 

1, Double-sided etch capability. 

2. Single-side (face down) etching for very finest line work. F 

3. Built-in rinse area and automatic control; top and bottom water spray which 
flushes both sides at once to avoid drying of etchant on board or overetching. Handling is 

jiminated. 
BIG Positive Grawer seals from Sink w poovent Waber Gorn "geting into rinks sree 
‘ing etching. 
a Sealed-in etch chamber. This is preferred because it requires no venting even 
when heated to 100°F. 

6. Automatic cooling coils that prevent overheating and maintain constant tempera- 

for persulfates). 

a Seo gauges, pressure valves, and switching that allow compensation for 
differences between top and bottom etching. 

Oscillating action and a large number of spray nozzles that result in even etching 
over the entire area. 

9. Built-in transfer pump with intake going down into the etchant sump and output 
located in rinse tank. This allows filling or emptying without spillage, damage, or hazard, 
‘The pump should be electrically reversible for both filling and emptying. 

10. Minutes and seconds timer switches that provide careful control of etch time. 
11. Titanium heaters which are not subject to shock cracking. 
12. Electrical controls that are well protected physically and electrically. 
13. Accessibility to all parts of machine. 
14. Simple yet effective mechanical linkages. 2 
15. Filters at intake side of spray pumps. These prevent solids from damaging or 
clogging pump and spray nozzles. 
16. Screen insert tray which allows placing thin metal sheet on it for etching. Two. 
Screens are sometimes desired, i 
17. Structural soundness which allows moving or shipping yet permits easy disman- 
tling for repair. 
18. Chemical and temperature stability of construction materials, 
Limitations and/or undesirable features found in these machines include: i 
1. Maximum size of panel which can be handled may be smaller than required. 
2. Units with built-in rinse cycle remove mass of etchant but do not neutralize board. 
che Initial cost of machines having all or most of the desirable features mentioned is 


4. Although etch times for 1-oz double-sided copper using fresh ferric chloride is as 
low as 1 min, production capabilities are limited. 

5. Drains for rinse water must be of sufficient size to allow quick drainage. Drains 
May not carry water away fast enough when short etch cycles are used in rapid succession, 

it causes trouble with the bottom spray rinsing and may result in overflowing into the 
Golssolution sump. The problem is emphasized when cooling water also empties into the 

se tank. 

6. Some machines have only a thermostat bulb for heat sensing. For that reason it is 

Possible for the machine to be drained of etching solution with the heater still in 
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operation. That represents a dangerous situation. When built-in transfer pumps are useq_ 
danger of the occurrence can be minimized by electrically wiring the machine in such q 
way that, when the transfer pump circuit is on, the heater circuit is turned off. Even th 
approach is not 100 percent foolproof; fort is possible to tun the transfer pump cireuit a 
and the heater circuit back on when the sump is drained. A heat-sensing device loca 
near the heating element is desirable. Once such a device shuts the heater off, manu, 
resetting is required to tum it back on. 

d. Automatic Horizontal Etching Machines. The automatic machines should have th 
desirable features listed for horizontal drawer-type machines. In addition, they have th 
advantage of conveyorized loading and handling of board sizes up to 36 in wide and of 
indefinite length, as well as built-in complete rinsing and neutralizing. Board racking is 
not required, In operation, machines are loaded by laying boards flat on an open horizo 
tal conveyor belt which carries them progressively through the etch chamber and subse- 
quent rinses. Rollers on conveyor belts are alternately spaced to allow the bottom spray to 
reach the board, These machines are made for high-volume production. Large etch 
sumps minimize downtime due to etchant replacement. Automatic equipment is ava 


Fig. 8.40 Horizontal conveyorized spray etcher design. 


for flow-through solution replenishment, which results in constant etch rates. Figure 8.40 
is an example of an automatic horizontal spray-etching machine design. 
The limitations and undesirable features of machines of this type include the following: 

1, The machines represent a considerable investment. Installation, plumbing, ele~ 
trical work, and venting also are costly, Considerable floor space is required, and the 
machines are economical only when they can be kept busy. 

2. Many moving parts, connections, gaskets and seals, hardware, etc., require compe 
tent maintenance. a 

3. Action of oscillating sprays, when included, can be stopped or get out of phase if 
connecting sleeves are not properly tightened. The sprays can also leak at the ends, which 
reduces spray pressure. Upper and lower sprays should hit the same area on o i 
sides together. If they do not, small lightweight boards can be tilted or even cocked in the 
conveyor belt, which can result in considerable damage due to belt binding. 

4, When etching solutions are heated, vapors come out on both sides. Exhaust covers 
and proper venting over those areas are required. Exhaust ducts must be provided when 
ammoniated alkaline etchants are used. Venting must be balanced with enough exhaust to 
keep fumes out of the etching room but without causing excessive loss of ammonia. 

5. Upper and lower pump pressures should have gauges; otherwise, adjustment to 
compensate for the differences between top and bottom etch action becomes a constant 
trial-and-error procedure. 

6. Water drains must have a good drop to allow drainage of rinse waters. Water lines 
to spray units must have vacuum-breaking valves in their connections to prevent the 
etchant from getting into water lines. 
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7, First water rinse coming out of etch chamber should be recirculated to keep 
ant out of sewer and help reduce waste treatment. Water from this sump can be used 
ymake up evaporation losses. Similarly, the neutralizer compartment may also drain into 
tomsreulating sump. One or more final water rinse chambers can be included. These 
eain jnto sewer effluent treatment systems. 
‘e. Problems. Most mechanical problems are due to wear of moving parts. The use of 
Jow-temperature PVC instead of PVDC or other materials suitable for high temperature is 
{Jl a problem. 
Se iataing and crystallization causes wear on all mechanical parts. Keep solution hot, 
circulating, and in balance. 


ETCHING AREA REQUIREMENTS 


Basic functions must be provided in the etch area, These are: 
Pre- and post-etch cleaning 

Etching and rinsing 

Neutralizing 

. Resist stripping 

. Regeneration 

. Solder fusing (optional) 


ORO Lor 


21. Equipment Selection The following factors must be considered when equipment is 
being selected: 

1, Maximum board size to be handled, 

2. Quantities of board to be processed each day. 

3. Space available for etching. 

4, Type of etching to be done, e.g,, fine-line, wide-line, or print-and-etch only. 

5. Type of boards to be etched: metal-resist-plated, print-and-etch, ete. Maximum 
hoard size to be handled will determine the size of tanks for etching, rinsing, cleaning, 
and neutralizing. It will also govern the holding-rack sizes or conveyor. A 12 x 18-in 
board, for example, will require an etch rack or conveyor size larger than that in order to 
hold it during etching. Enough extra room for easy loading (racking) and unloading should 
also be provided. Spray etchers require considerable walk-around space. 

‘The quantity of boards to be handled also will determine the type of etching equip- 
ment. The equipment must be able to complete the quantity easily in a normal workday, 
taking into consideration solution makeup time, machine maintenance, and actual man- 
hours doing the etching. When large quantities of one type of board are being processed, 
automatic equipment should be seriously considered, Elimination of as much hand labor 
as possible reduces costs, and final results are more consistent. An automatic spray etcher 
can be used when quantities permit. Two smaller machines may offer the advantage of 
having two different etch solutions available. 

Storage racks, bins, tables, and shelves are to be provided in each area where boards 
May accumulate, as from plating, silk screening, photoresist coating, and etching. Separate 
Teceiving and holding racks are to be provided for work in such stages of completion as 
after etching and before and after stripping. Boards must be dried prior to being placed in 
tacks for storage. 

Adequate electric power, exhaust systems, storage areas, and safety provisions are 
Particularly important in an etching facility. 


22. Facility Floor construction should be chemical-resistant tile and mortar or acid- 
Tesistant epoxy-coated. An epoxy-fiberglass coating is to % in thick applied to cured and 
cement may be suitable. Subfloors of wood can be coated with similar plastic coatings. 
slope of the floors must provide fast, free drainage of water rinses and other solutions. 
‘anks, pipes, ducts, etc., must be kept off the floor to allow free drainage and to keep them 
88 dry as possible. Tanks supported well above the base floor, with wooden duckboard 
kways are suitable. When pipes, etc., are run under the tank and aisles, they must be 
“Constructed of chemical-resistant materials or be well coated to prevent corrosive attack. 
Spent solutions should never be sewered directly. A three-compartment sump is 
™andatory, pH-controlled automatic systems are connected to the sump which feeds 
Neutralizing chemicals in from a storage tank. Sodium hydroxide is commonly used to 
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neutralize acids. Ammonia should not be used. Spent chemicals containing metal ions 9 
other objectionable materials should be treated according to accepted pollution conty, 
practice or hauled away for treatment elsewhere. Rinses must be treated to discharge 
acceptable effluents; see Chap. 9. 
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Chapter 9 


Pollution Control 


R. GLENN AFFLECK 


Hewlett-Packard Company, Palo Alto, California 


6. Treatment of Chemical Wastes 

7. Contract Disposal of Sludge and Spent Chemicals 
8. Safety Notes 

9. Costs of Waste Water Treatment . 


18. Recovery of Chlorinated Solvents 
Re rerer Recovery 

Polladium Recovery . 
Keeping 


lution control is an integral part of any printed circuit manufacturing operation. The 
Public and the regulatory authorities are now aware of the potential effects on the 
‘2vironment of indiscriminate discharge of chemicals to the sewer, to the air, and to land. 
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At one time the limits on toxic material discharges were primarily related to 
immediate detrimental effect on the sewage treatment plant or on personnel it 
the sewer or near the exhaust stack of a facility. Now the chronic long-term effects on 
air, water, and land are being evaluated. Discharge limits are continually being tighten 
as studies establish the relations between traces of toxic materials and the health of p 
animals, and, most importantly, human beings. 

Regardless of whether plant managers are concemed about the potential effect 
chemical discharges on the environment, they are interested in the law. Accele 
activity in enforcement of regulations will force all printed circuit shops to segregate 
treat their waste discharges. 


WATER POLLUTION CONTROL 


1. Need for Treatment Nearly all municipal and industrial sewage treatment plants 
biological. Bacteria in the sewage treatment plant feed on the dissolved and si 
materials carried by the combined discharges to the sewer. The bacteria biode; 
consume, those materials. Some of the toxic materials, such as copper, nickel, lead, 
chlorinated hydrocarbons, are digested by the bacteria and end up in the sludge from # 
treatment plant, The rest of those toxic materials flow through the biological sanitary plant 
and enter the receiving waters. 

Ifthe concentration of toxic materials gets too high, it will kill the bacteria in the , 

treatment plant. That can result in an upset of the bacteriological process and majo 
pollution of the receiving waters. 
The deleterious effects of very minute amounts of toxic materials on the aq 
environment has been conclusively demonstrated by biological research.' Small plat 
and shellfish are very sensitive to particular toxic materials. Large fish and animals ¢. 
tolerate somewhat higher toxic concentrations in water. It is interesting to note 
humans can drink water in which fish cannot survive. 

Ifthe planned use of the receiving water is for swimming or for industrial cooling 
the concentrations of toxicants can be higher than if the water must sustain aquatic 
Rising treatment costs have pushed up the effective price of water, and recycling and 
reuse of water is becoming more economically attractive. This has added new stand 
that create a need for special treatment, For example, fluoride must be kept at or b 
drinking water standards if waste water is to be used for groundwater makeup. Also, 
added heat must be removed in order to prevent a rise in groundwater temperature that 
would be experienced by all well owners. The results of all those requirements 
rapidly making their way into enforced regulations. Table 9.1 shows some typical mid- 
1970s requirements for a discharge into a sanitary sewer and directly into a stream: 
ocean. Most of the parameters in the table are expressed in units of concentt 
milligrams per liter, The Environmental Protection Agency (EPA) wants to change 
standards to units related to production, i.e., milligrams per square meter of mati 
processed, and current EPA requirements must be reviewed before proceeding with a 
disposal program. Some of the requirements were written into law before feasibl 
technology was available to achieve the standards. Either standards will need to be 
relaxed or better treatment techniques will have to be developed if the legal requirements 
are to be met. 


2. Industrial Waste Survey The first step in meeting any discharge requirements is 
define problems. Waste problems are usually determined by making a survey of p 
effluents, Often the person who makes the survey also designs any required tres 
system. The survey can be made and the preliminary engineering can be done by 
printed circuit process engineer, a member of your corporate staff, an equipment suppli 
or an outside consultant, 
In all cases, the printed circuit process engineer will need to collect the data nece: 
to design a waste treatment system. Water pollution is the principal problem associ 
with a printed circuit shop. 
ie ae Required. Data usually required to design a waste water treatment facilitY 
include: 
1. Rinse tank flow rates. 


Pollution Control. 9-3 


2, Process flowcharts showing the sequence in which parts travel through cleaners, 


plating tanks, treatment tanks, and rinses. 


3, The volume, contents, and dumping schedule of each tank. 

4. Incoming water quality. i 

5. A plant layout showing the location of all process tanks. noe 

6. Prints and flowcharts of existing waste treatment systems. Some indication of the 
treatment effectiveness of the existing system may be helpful to the new-system designer, 


‘ABLE 9.1 Typical Mid-1970s Effluent Requirements for Printed Circuits 
uf Maximum concentration allowable 


Direct discharge to 
stream or ocean, 


Substance by mg/L 
05 
Aluminum 
Arsenic 20 
Barium 
Beryllium 
Cadmium 02 
ium 

Chromium, hexavalent es 
Chromium, total - 
Cc a 05 
Cyanide oH 
Fluorides 18 
Hydrocarbon solvents 1 
al Ol 
Manganese 
Mercury 
Nickel 20 
Phenols and derivatives 
Selenium 0.05 
Silver Bt 
Total suspended solids v% 
Zine c 
pH 6-9 


“Except where noted, from Palo Alto, California, regulations for discharge to secondary (biological) 
Sewaye treatment plant. s 

From EPA proposed discharge limits for the metal finishing industry, revised January 31, 1973. 

{From San Jose, California, regulations. 

§Limit set at drinking water level so water could be used for groundwater recharge. 


7. An itemized list of all major chemicals used, the consumption rate, and the 
disposal method. 

8. The facility water and sewer flow rates and costs. st 

9. Flow rate and analyses of each plant discharge and the nature of the receiving 
Stream, i.e., municipal sewer, stream, bay, etc. 

10. Copies of all applicable government regulations and standards. 

Part of the above data is necessary to size pipes, pumps, treatment tanks, sumps, and 
treatinent chemical delivery systems. Justification of the need and type of equipment is 
calculated from part of the data. Plant layout and prints of the existing treatment system 
and facilities are used to prepare layouts of the new waste treatment system and interface 
it with existing treatment and process equipment. Figure 9.1 is asample survey form used 

¥ one waste treatment consultant to ask potential clients for this information. 


3. Picking a Consultant As a rule, an electronics company or an independent printed 

Circuit fabricator will not have, within the company, the necessary talent to design its own 

Waste treatment system and will instead tum to an outside consultant. Consultants can be 

either independent of any treatment equipment manufacturer or specialists in application 
their company’s equipment to pollution problems. When a consultant is to be chosen, 
© primary considerations are track record, staff qualifications, and specialization. 


Company name 
Street address 


City 
Persons to be contacted 


O Brass or bronze 
O Plastic 


B. Regulatory agencies 
Give address of pertinent waste-treatment regulatory agencies and representatives to be contact 


Please furnish copy of existing regulations. 
Has client been cited for pollution? O Yes ONo 
If yes, please furnish all citation correspondence. 


C. Where is waste now discharged? 
Sanitary System of 
Storm Sewer 
Watercourse 


Sewer rental charge 
. Process rinsewater 

Source Cost/1000 Gal 

Water consumption, total Cooling 


Process rinsing 


If water supply is metered, please furnish average reading per 8-hour shift. 
Tf incoming water analysis is available, please furnish. 


. Plant layout 
1, A site plan is required and should show the following items: 
(a) Property boundaries 
(b) Physical location of plant 
(c) Topography 
(a) Location of sewer lines 
(e) Outside space available for location of waste-treatment equipment 
(®) Location of parking lots, driveways, walks, ete. 
. An equipment layout is required and should show the following items: 
(a) Arrangement of metal-finishing equipment (all tanks should be numbered to correspond) 
tank numbers used in process cycle information—See pages 3 & 4 
(b) Location of sewer lines 
(c) Line drawings of exit-water trenches and piping 
(d) Space available for location of waste-treatment equipment 
(Laat fn srs So Sareea spl 
Location of ers, degreasers, and other lucing equipment 
}. If future plant, please include dates for: pA 


(a) Start of construction 
(b) Occupancy 


(c) Start of production 
F. Mechanical finishing operations 
O Buffing 


QO Vibratory finishing 
O Polishing © Sand blasting 

O Wet tumbling 0 Shot blasting 
OBBL Cyanide stripping 0 Bumishing 


Fig. 9.1 Sample industrial waste treatment survey form. 
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‘Wet separation of solids from exhaust 


ip 1 Electrostatic 
D Electropaint O By hand 

Is chromate dip used? 
E-preventive operations 
z mee Water-displacing dips (Solvent emulsions) 

1B Solvent oil rust preventives 
Give tank volumes and dumping schedules 
Type Production Hours/Day 


Line no. 
Days/Week 
Racks/Hour Barrels/Hour ‘Type barrel 


$q f/Rack Perfs. size 
LList tanks in correct sequence of use. 
Indicate all tank volumes in gallons. 

Include all rinse tanks and indicate 

when counterflowed . . . Also, include 
‘drag-out tanks and fume scrubbers. 


Contents in 
ozlgal or % 
Estimated (acid, alkali, | Name (if 
drag-out cyanide, or | proprietary | Dumping 
(gah) chromium) | compound) | schedule 


The consultant should be able to show you several operating treatment plants similar to 
one proposed for your plant. Should there be a claim of great breakthroughs that have 
Rot yet been installed in an operating system, you share the risk that the system will not 
perate to your satisfaction. The consultant's staff should include professional engineers 
Who have demonstrable experience with mechanical, electrical, and chemical engineer- 
problems. 
Usually consultants have specialized in a certain phase of pollution control. Some may 
Sign wet scrubbers; others handle biological waste water treatment systems. It is very 
it to pick a consultant with a specialty that matches your requirements. For 
cleaning the general exhaust from a printed circuit shop a consultant with experience in 
Wet scrubbing of acid fumes and ammonia would be appropriate. Likewise, a consultant 
specialized in treatment of metal-finishing wastes would be best suited to design 
‘heavy-metal removal systems for a printed circuit operation. 
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4. Getting the Most from Your Consultant The best pollution control system cannot be 
designed if the consultant has only part of the data necessary. Your anticipated changes in 
types of processes and the growth of your operations are the most critical data inputs and 
the ones most often overlooked. Give your consultant the best and most complete 
information you can collect. q 

Some of your past and present effluent data may be politically sensitive. In that case 
give them to the consultant, who will be held responsible for keeping them confi 
In many cases working closely with regulatory agencies will be necessary to get aj 
of the proposed system. The consultant needs to know what can be repeated and what 
information is “classified.” Plant operating personnel should be asked to review even the | 
earliest proposals from the consultant. Often they will have some valid objections to the 
way systems are engineered. If they are permitted to make their comments early, the 
consultant will be able to make accommodating changes in the system before expensive | 
detailed engineering has to be redone. That review, together with the accommodating 
changes that make sense, will help in gaining acceptance of the final system by 
operating personnel. Without that acceptance the most perfectly engineered system w 
usually fail to function properly. 

A consultant needs a contact in a client's facility who speaks waste treatment language 
and can get any requested data. A process engineer or a plant engineer who understands: 
the production processes should be assigned as the consultant's contact. The engineer 
should have this liaison role as a first-priority project until after start-up of the system, and _ 
should then become your internal consultant on the system. 

Most consultants include, in their services, 
system and some guides to maintenance of the 
supervisor will get much more from the consult 
design and construction of the system. As 


equipment. 


TYPICAL TYPES OF WASTE TREATMENT 


Given the need to dispose of a particular waste chemical from a printed circuit operation, 
there are at least three alternatives to choose from. You can change to a different process; 
you can install a treatment system; or you can have the waste chemical hauled away and 
disposed of by a contractor. The following discussion looks at each of the three” 
alternatives. 


5. Process Changes Often it will be easier to change a process than to install a special 
treatment system. A change to additive circuit processes involves a major change in waste’ 
treatment requirements by eliminating the etching operation and its associated copper 
bearing waste. Replacement of 1-oz copper foil with 44-oz foil reduces the quantity of 
waste etchant proportionately. Switching from ammonium persulfate to sodium pers 

or peroxide-sulfuric acid for pre-etching in the electroless copper line can greatly 
simplify waste treatment. To switch from chromic-sulfuric etchant to an ammoniated 
etchant is to substitute a chrome treatment requirement for an ammonia treatment 
requirement, 


6. Treatment of Chemical Wastes Table 9.2 lists the chemical wastes usually generated by 
printed circuit processes. Each type of waste in a printed circuit shop requires a 
set of chemical reactions to remove dissolved pollutants. Treatment is further complicated 
by the need for batch treatment of concentrated dumps and continuous treatment of 
flowing rinses. Sometimes the treatment processes are very much the same. A typical 
treatment system is the following: 

1. Final pH control for all rinsewaters 

2, Continuous and batch treatment of electroless copper rinses and batch dumps to 
precipitate copper 

3, Continuous treatment of rinses containing heavy metals to lower the metal con- 
centration to acceptable levels 

4, Neutralization of acid and caustic batch dumps 
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5, Reduction and precipitation of dissolved chromium 

6. Precipitation of heavy metals from wastes as insoluble sludge 

& a cic carsd coke stoners and recycling of spent chlorinated 
Be tiakawvay of spent solvents and spent baths to an approved dump site or an 
reece ice feted wa tion economies encouicecs Giiovart 


TABLE 9.2 Chemical Wastes Typical of Printed Circuit Manufacture 
Process Wastes generated 


Board cleaning Spent acid and alkaline solutions and rinses; some contain 
pre dissolved copper and ammonia 
le Spent electroless copper solution and rinsewater 
ones sae Rinses and occasional bath dumps containing copper, 
nickel, lead, and fluoride - 
chit Spent etchant and rinsewater containing copper and per- 
“aad ape sitastisie Chand ind or Houde peste gon aay peat 
etchant 
lating resist Water rinses containing chlorinated hydrocarbons and 
poe batch dumps of spent chlorinated solvent 
photoresist 
lopins 
facies teaaont Chromium-bearing rinses and batch dumps 
additive circuits 
okies etchback Fluoride-bearing rinses and batch dumps 
Carbon treating of Wash-up water bearing high quantities of suspended car- 
plating solutions bon and dissolved heavy metals. 


schemes for batch and continuous treatment of specific chemicals. Without giving all the 

engineering details, the following treatment methods are typical of those needed by a 

printed uit shop. A 
4, pH Control. Figure 9.2 shows a schematic of two typical pH control systems for 


SULFURIC ACID 


pH 
CAUSTIC SODA CONTROLLER 


ACID-ALKALI 
RINSES 


FLOCCULATION 
TANK 


pH 

CONTROLLER 
ACID 

SULFURIC A 


UPWARD-FLOW-TUBE, 
SETTLER /CLARIFIER 


FINAL FINAL pH- ee 
NT 


EFFLUE! SONS T TAM SLUDGE PUMPED TO 


DECANT TANKS 
Fig. 9.2 pH control system for metal-bearing acid-alkali rinsewater, 
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metal-bearing acid-alkali rinsewater, one in the first and one in the last tank. No: 

i ircuil : t be hauled . Other systems use a filter or a 

printed circuit shop uses much more acid than it does base and there is litle possibly : reduces eget ae ee eras. 

seme) RACvI GE neutral; pH 14.0 Con lectroless Copper Batch Treatment. ‘The copper in an electroless copper bath is highly 
ly basic.) The pH contzol system can then be simplified to include only the addition oieed and will not be removed by raising the pH and precipitation. Of the several 

ones to raise the pH of the effluent. Control of pH becomes an integral part of seve ent methods that have been reported, four are outlined here: 

Tie design of stood er OnE eee cee ee st dition of asinall amount of catalyst tothe spent solution wil initiate lating out 

Sette ee en tee nes couples Bisa tae ae Sineren i Tudge. Figure 9.5 shows the system 

would indicate Factors that must be considered include Sean eee ee acon the form of a heavy copper sludge. Figui 

acid delivery systems, type of mixing, size of reaction tank, and iti a ee a cok dding catalyst 

relative to treatment chemical input point. Of particular importance to an une roe , 2. Peete the electroless copper bath will have the same effect as adding cataly: 

see Fig. 9.5). 


TITTY naan SLUDGE FROM TUBE 


SETTLER /CLARIFIER 
ALKALINE 
ise CLEANER 
a al BATCH DUMP 


TIME 
TAM 


SLUDGE FROM BATCH 


TREATMENT TANK a 


PANEL 


ACID, 
RINSE WATER 


DECANT WATER 
TO FINAL EFFLUENT 


DISCHARGE DEWATERED SLUDGE 


PERIODICALLY 
HAULED AWAY 


ACID RINSE. 
DUMPS AT 
END OF SHIFT 


Fig. 9.4 Sludge decant and disposal system. 


3. Lowering the pH of the electroless copper solution to a pH of 5 to 8 by adding acid 
also will drop the copper out of solution (see Fig. 9.5). 

4, A combination of methods 2 and 3 followed by the addition of caustic and sodium 
hydrosulfite will precipitate copper oxide and reduce dissolved copper to a very low level 
(Figure 9.6). 

The choice of system for electroless copper depends upon the size of your operation 
‘and how completely you need to remove the copper in order to meet your effluent limits. 

d, Treatment of Ammonium Persulfate. Several methods for treatment of ammonium 
persulfate have been reported. Three of them are listed here: 

1. Removal of copper by electrodeposition. The solution is heated in an agitated tank 
with lead anodes and stainless-steel cathodes. Prior to electrodeposition, the reduction of 
persulfate with sulfur dioxide will increase plating efficiencies. Figure 9.7 is a diagram of 

Process. 


iN 


234567890 12 
pH 
Fig. 9.3 Typical pH of printed circuit operation with no pH control system (8-h workday), 


of a pH control system is the recognition that pH is a logarithmic function. To change tl 

pH of an effluent from 2.0 to 3.0 takes 10 times the amount of base that is needed to ELECTROLESS CATALYST /HEAT/ACID 

the pH from 3.0 to 4.0 and 100 times that needed to change the pH from 4.0 to 5.0. Figus COPPER 

9,3 shows an example of a pH recorder output for the effluent from a printed cireui 

operation with no pH control. 
b, Heavy-Metal Precipitation. Heavy metals include copper, nickel, lead, chromium 

iron, If those metals are not complexed with ammonia, EDTA, or another agents, they cam 

be precipitated as hydroxides by raising the pH. Figure 9.2 also shows the treatment 

sie a to remove those eee ik First the pH is adjusted to about 8.5. Then 

overflow is transferred to a flocculation tank, where slow, steady agitation promotes th FFLUENT TO pH-CONTROL 

growth of precipitated solids (floc particles). The precipitated solids then settle out SvSTEM BEFORE GOING 

solution in a clarifier, and the clarifier water is discharged through a monitoring and-final AGES EMER 

pH-adjust tank. Following precipitation, sludge is pumped from the clarifier, concen 

trated, and hauled away. Figure 9.4 shows a sludge concentration system 

Laney Laboratories for this process. In this system a sludge decant tank receives insoluble 

settled solids from the clarifier or batch treatment tanks. The decant panels act as filters SOnecLaM 

when they are lowered into the tanks; they remove clear water and produce a sludge that badge 

has been dewatered to a concentration of about 8 to 10 percent solids. That 


Fig. 9.5 Electroless copper batch treatment by catalyst/heat/acid addition. 
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2. Precipitation of copper by reaction with scrap alumi: id sodi o 
eae must be taken to prevent this cauthectaib Smut AOR Catlin, ot 
ig. 9.8). 
5. Precipitation of copper hydroxide after removal of ammonia with alkali heat, 
the temperature of this reaction is near boilin will ‘pit oma 
rather than the hydroxide (Fig. 9.9), int Seagate "7 


CAUSTIC SODA SULFURIC ACID 


LIVE STEAM INJECTION 
DRY SODIUM 
ELECTROLESS 
COPPER HYDROSULFITE 


EFFLUENT TO FINAL, 
pH-CONTROL SYSTEM 


ELECTROLESS 
COPPER BATCH- 
TREATMENT TANK 
SLUDGE TO RECLAIM 


OR DECANT TANKS, 
Fig. 9.6 Electroless copper batch treatment. 
¢. Ammoniacal Rinse Treatment. As mentioned above, in connection with treatment 0 


ammonium persulfate, ammonia can be removed by heating a solution that h: 
highly alkaline by the addition of caustic. s ceoer orn at el 


In the case of continuous rinses containing ammonia and complexed metals, it is not 


practical to heat all the water to near boiling, A system that has been demonst 
Laney Laboratories to be successful for continuous rinses involves the addition of pho 


games" 
RECTIFIER | CATHODE 


SULFUR 
DIOXIDE 


Fig. 9.7 Ammonium persulfate treatment by electrodeposition. 
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ic acid prior to raising the pH of the solution to precipitate heavy-metal ammonium 
‘t anaes 9.10 anes such a system schematically. In the first tank, phosphoric 

d is added, usually by sensing and adjusting pH, to assure the presence of phosphate 
Lime is added to the second tank to mise the pH to above 10, which assures 
cipitation of heavy-metal (i.e., copper and nickel) ammonium phosphates, hydroxides, 
other insoluble compounds. The precipitated compounds are subsequently removed 


from the treated rinsewater by flocculation and settling (see Fig. 9.2). 


SODIUM CHLORIDE 
SCRAP ALUMINUM 


AMMONIUM 
PERSULFATE TURNINGS 


EFFLUENT TO 
FINAL pH~CONTROL, 
‘SYSTEM 


AMMONIUM PERSULFATE 
BATCH-TREATMENT TANK 


COPPER SLUDGE TO 
RECLAIM OR DISPOSAL 


Fig. 9.8 Ammonium persulfate treatment with aluminum scrap. 


f. Fluoride Treatment. Since several plating baths, some cleaners, and etchback solu- 
tions contain high fluoride concentrations, it may be necessary to remove some fluoride. 
Using lime for final pH control will precipitate some of the fluoride as calcium fluoride. 

But since even calcium fluoride is relatively soluble, it may be necessary to segregate the 
fluoride waste streams and put in a separate treatment system using lime and a solids 
temoval clarifier, filter, or centrifuge. Figure 9.11 shows one such scheme. 

g. Chromium Treatment. Chromium is usually present in epoxy pretreatment baths for 
additive circuits, in some chemical solutions for cleaning multilayer boards, and in 


EXHAUST TO SCRUBBER 


EXHAUST HOOD 


LIVE STEAM INJECTION CAUSTIC SODA 


AMMONIUM apie | 


EFFLUENT TO FINAL 
pH- CONTROL SYSTEM 


AMMONIUM PERSULFATE 


BATCH-TREATMENT 
TANG SLUDGE TO RECLAIM 
OR DECANT TANKS 


Fig. 9.9 Ammonium persulfate batch treatment. 
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chromic-sulfuric etchant. Chromium treatment is done in two steps starting with g 
reduction of all hexavalent chromium to trivalent with any one of a variety of reducin 

chemicals, ie., sulfur dioxide, sodium bisulfite, or hydrazine. The reduction reaction tak 
place much more rapidly at a low pH, so the first phase of treatment involves pH 
adjustment. Figure 9.12 is a schematic of the first stage of chromium treatment. : 


3. Photoresist stripper usually containing methylene chloride. 

4, Contaminated plating baths that cannot be cleaned up to operating standards. 

5. “Chemical cleaning” solutions used to remove epoxy from the holes and surface of 
ilayer boards. These solutions are usually chromic acid or concentrated sulfuric acid. 
6. Etchback solutions containing concentrated sulfuric acid, concentrated hydro- 
fuori acid, and dissolved epoxy-glass laminate. 


g.Safety Notes: Many of the spent concentrated chemical baths cannot be mixed without 
ome very hazardous reactions taking place. Some mixings result in violent generation of 


pH ORP 
eH PHD CONTROLLER CONTROLLER 
<25| [ oRP 
sINSEWATERS RUC AA | be SULFUR DIOXIDE/ 
" SODIUM BISULFITE/ 
EFFLUENT TO. CHROMIUM-BEARING HYDRAZINE 


FURTHER RINSE OR BATCH DUMPS 

TREATMENT TO pH~CONTROL AND 
METAL HYDROXIDE 
PRECIPITATION 

= SYSTEM 


FIRST STAGE 
pH<3 


SECOND STAGE 
pH >10 


Fig. 9.10 Ammoniacal rinsewater treatment. 


" Fig. 9.12 Chromium treatment first-stage reduction. 
‘The second step in chromium removal is the same as the treatment for the other he 


metals. The pH is raised by addition of caustic or lime, and chromium hy heat, and others in the evolution of toxic gases, Before mixing any of these chemicals, be 
precipitated. This second stage of treatment is identical with the pH control system shows sure to have the proposal reviewed by someone with an excellent understanding of the 
in Fig. 92. q chemistry involved. 

‘ Disposal of spent chemicals and sludge into special landfill operations has been shown 
7. Contract Dispos: 


of Sludge and Spent Chemicals All printed circuit shops will hi to be an economic alternative. Critics argue that these landfill operations have a potential 
some spent chemicals and sludges to dispose of rather than treat. The following 


forenvironmental harm. California has established strict regulations for dump sites, called 
includes many of the materials that either are the final product of a waste treatment s 


Class I dumps, which prevent groundwater contamination, Other states will probably 
or are often more ecomomically disposed of in some way besides in-house ch follow, and it is important to review local law before proceeding with a disposal plan. 
treatment. Hazard in case of earthquake or flood is also used as a criticism of landfill disposal. The 
1. Heavy-metal sludges from a waste treatment system. ‘counterargument is that most of the chemicals react with each other and form insoluble 
2. Spent copper etchant—alkaline, chromic-sulfuric, ferric chloride, ammonium peF compounds practically unaffected by flood or earthquake. For example, hexavalent chro- 
sulfate, cupric chloride. Mium poured into a special dump pond would soon oxidize other waste and be reduced to 
LIME trivalent chromium. If the dump is required to neutralize wastes before disposal, the 
rarer trivalent chromium will precipitate in the pond as chromium hydroxide. The hydroxide 
little potential for environmental harm short of being dissolved by a strong acid. 
Hees pH10 | pH CONTROLLER A second method of disposal is to hire a disposal company to pick up the spent 
CONCENTRATES chemicals and to contract with it for proper disposal. This involves some sticky legal 
uestions about whose waste it is if it is disposed of illegally. However, if the disposal 
Company uses legal methods of disposal, it offers great economic advantage. A large 
“entral disposal facility has many economies of scale, can sometimes combine two wastes 
treat each other, and can often economically reclaim chemicals collected from many 
sources. 
wed Incineration is a third method of disposal for spent chemicals. You can eliminate any 
LiquiD-FLOW ndence on outside firms by buying your own incinerator. Several plants report this as 
TUBE SETTLER/ 0 economic altemative, especially where there is also a source of waste material that has 
CLARIFIER 4 high Btu value and reduces fuel requirements. Disadvantages include the problems of 
ng HC] by burning chlorides, volatilization of metals like lead, mercury, and arsenic, 
ultimate disposal of a highly water-soluble ash. 
A fourth alternative disposal method is to mix the waste with portland cement and make 
SLUDGE PUMPED TO FILTER,. 1, S2lid that has very low solubility and can be disposed of with demolition wastes or 
OR TO TRUCK , FOR DISPOSAL 


A process that handles waste in a similar way but uses a proprietary process is 
Fig. 9.11 Fluoride treatment system, Marketed by ChemFix Corp. 
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9. Costs of Waste Water Treatment Costs for treatment equipment and installation and 
operation vary widely with size, degree of automation, customization of the system to fit_ 
into rigid space available, and the quality of the equipment used. 

a, Equipment Costs. A report from the Illinois Institute for Environmental Quality 
contains many graphs useful in estimating capital and operating costs for waste tr 
systems. Fora rough estimate the following rule of thumb may be helpful. The cost of any 
‘one system such as chromate reduction, electroless copper batch treatment, or heayy. 
metal precipitation will usually be between $30,000 and $60,000 depending upon system 
size and not counting buildings or land. Simply decide whether your shop is 
medium, or large and multiply the number of treatment systems that you think you need _ 
by $30,000, $45,000, or $60,000, respectively. About half of the total cost is used for solids 
removal and handling. 

For example, a small printed circuits shop (50 gal/min of rinsewater) may have decided 
to have a contract waste hauler take all concentrates away. It has almost no ammonia in the 
system. It may need only pH control with heavy-metal precipitation. A rough estimate 9 
$60,000 should cover the system. On the other hand, a large printed circuits shop (440 gal/_ 
min of rinsewater) would require eight different systems costing 8 x $60,000 = $480,000 
Most printed circuit facilities are in areas with fairly limited space for waste treat 
systems. If your plant is fortunate enough to have lots of available land, some solids 
removal equipment can be replaced by large settling lagoons. 

b, Operating Costs. Chemicals, operator labor, and maintenance cost will usually rang 
from $0,15/1000 gal for simple pH control to $0.640/1000 gal for complex chemical 
treatment and up to $0.80/1000 gal for an ion-exchange water-recycling system. 

¢, Hauling Costs. Contract hauling and disposal cost are influenced mostly by quantity 
and method of handling. The round-trip distance for the haul and the treatment require 
are also major factors. Costs range from $0.08/gal for 4000 gal hauled in half-day trips up to” 
$0.35/gal for chromic acid in a small number of 55-gal drums hauled on a one-day trip, 
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40. Dust Removal Printed circuit fabrication involves many processes that create airbo 
particulates better known as dust. Drilling, sanding, routing, sawing, beveling, and 
slotting operations all require dust collection to protect the employees and plant equip 
ment. The dust cannot be simply blown out into the atmosphere without polluting 
neighboring areas. 
‘Accyclone separator, which is an inertial separator without moving parts, can be used 
remove dust typical of printed circuit manufacture. Figure 9.13 shows how a cyclon 
separates particulate matter from a carrier gas by transforming the velocity of an it 
stream into a double vortex confined within the cyclone. In the double vortex the enteri 
gas spirals downward at the outside and upward at the in: ide of the cyclone outlet. 
particulates, because of their inertia, tend to move toward the outside wall and then fall” 
into a disposal box placed under the cyclone. 
A baghouse can also be used to separate d 
from the exhaust air from a printed circuit manufac 
turing operation. Figure 9.14 shows the constr 
tion of a Dustube fabric filter which operates like # 
giant vacuum cleaner with many small bags. Dust 
filtered out of the airstream inside the bags. Pt 
odic shaking of the bags knocks the dust down 
the hopper for later disposal. 


CLEAN AIR EXHAUST 


ammonia are exhausted from the plating shop ® 
gases or very small airbome liquid particles. 


often referred to as wet scrubbing. The design ? 
the scrubber varies, but the principle is the 

DUST TO RECEIVING BAGS OR BIN ie., contacting the airstream with water or @ 
Fig. 9.13 Double-vortex path of the aqueous solution and transferring those fumes # 
gas stream in a cyclone separator. the water from the air prior to releasing the air 0 


44. Wet Scrubbers Acid fumes, chlorides, an@ 


remove them from the air requires technology MO% 
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the atmosphere. Techniques include (1) pulling or pushing the air upward through a 
wetted column packed with surface-multiplying rings or balls (Fig. 9.15) and (2) passing 
the air through a high-velocity water spray or fog (Fig. 9.16). 


Carbon Adsorption of Chlorinated Solvents Air pollution limits and environmental 

health limits have been set by regulatory agencies on several chlorinated solvents used in 

jnted circuit manufacture. Chlorinated solvents often used in printed circuit processes 
jnelade trichloroethylene, 1,1,1-trichloroethane, and methylene chloride. 
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Fig. 9.14 Typical simple baghouse with mechanical shaking (Wheelabrator-Frye, Inc.). 


ee nostlivioas now is regulated in most states to limits which make it easier to 
ee on ents ey contin to use it. Typi ‘ally, it has been used in vapor degreasers 
ie nper for silk-screened plating resist. Several air pollution regulations limit the 
ee S$ per ete to less than 40 Ib/day; alternatively, a system that removes 
eh percont of the exhausted solvent must be installed. Even a small degreasing 
inh ch a Pdi catioe resist stripper will lose over 100 Ib/day of trichloroethylene. A 
iso tc A igned ex ae system with carbon adsorption columns will recover typically 
ede Lae of the trichloroethylene. If 85 percent recovery is required, it will 
3s possible to meet the regulation without changing solvent. 

: Seas be made to remove chlorinated solvents from exhausted air. The 
Ribas ey be to meet pollution control regulations and/or to conserve these 
through o ima Is. Chlorinated solvent fumes can be removed by passing the exhaust 

Sah eae of. es carbon. Figure 9.17 is a flow diagram of a carbon adsorption 
per (trichloroethane. When the carbon is later regenerated with steam, the 
chlorinated solvent can be retumed to service. F 
13. Equipm, ‘ i 
oe + nee Coste ie cost ofair pollution control equipment is primarily a function of 
aterial required to resist the pollutants in the airstream involved. Dust 


1oval i ‘rly i i 
Tequires fairly inexpensive materials of construction. A good central system 


j 
| 
iv 
. 
; 
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serving a medium-size printed circuit shop (3600 ft/min) would cost app 
$9000. Wet Sen penS ma acid fumes requires more expensive materials and much gre NG, RECOVERY, AND CONSERVATION 
air capacity to exhaust large open tanks. A wet scrubber for a medium-sized printed cireyjs i i icals i: 

;. iret ost desirable way to dispose of metals and spent chemicals is to clean them up and 
Sp aD O00 Sep ante ht ecak spams “BietTsthem. When chemicals cannot be cleaned up for reuse ina process, it may stil be 

“ple to reuse them in a less critical process. If recycling is not feasible, recovery of 

‘posi or certain components may be possible. As the costs of pollution control and 
‘Bhemicals increase, the economics of recycling and recovery look better and better. 


DEALING WITH REGULATORY AGENCIES 


The best way to deal with most regulatory agencies is with an open hand. If you sh 
them your problems and proclaim your sincere desire to do what is best for the e 

ment, they will generally try to help your company comply with their regulations. 
does not mean that they will not expect timely action from you. It means that they 
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Fig. 9.15 Schematic diagram of a packed coun- Fig. 9.16 Cyclone scrubber (Chemico). 
tereurrent scrubber. 


LOW-PRESSURE, 


STABILIZATION TANK 


grant you a realistic time schedule and believe your explanation of any problems. 

On the contrary, dealing with the agencies like a tax evader can give you nothing b 
grief. Revealing your records only after a court order, making the agencies resort to 
processes to force you to put in pollution control equipment, and playing cat and m 
with the waste inspectors or trying to buy them off are risky measures. If your e¢ 
reputation is of any value, such tactics will prove to be very costly. 

‘When new ordinances are being developed or proposed, companies affected will 
very worthwhile to get involved. Industry often has access to better data on which to 
effluent standards than the regulatory agencies have. Many old municipal ordi i 
were passed were impossible for industry to meet, were then unenforceable, and resu 
in a genom disregard forthe law. Now the climate is diferent. Federal fund 
construction and expansion of municipal sewage treatment plants are contingent ¢ When recyeli a * P ™ 
enforcement of industrial discharge requirements. The law is or soon will be st ec cay a a a a ermal fone le conse vation 
enforced. Minimum fines of $2500 per day for discharges not meeting the standard # tip longer over plating baths, and controlling rinsewater flow are examples of conserva- 
common part of the enforcement action. Measures. 

Bore competes reasons it is important that the law be uniformly enforced. Compan q ‘ 
should have good liaison with their regulatory agencies and neighboring companies SE eee Le ; 
promote uniform enforcement of the law. Several legal suits brought by regulatof a repeat gt As ea eral cere Sg ae 
agencies against a polluter have been lost because the agencies were not uniform Significant material cost that is often lumped with other utility costs. Efforts to conserve 
enforeing the law. ‘The courts would not allow an agency to make an example of @ Butt 2 pay for themselves in a very short time. Methods of conserving water include 
particular company. in the following discussion. 
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Fig. 9.17 1,1,1-trichlororethane vapor adsorption system, 


eS 


9-18 Fabrication Pollution Control 9-19 


CONTAMINATED 


. Jon Exchange. Pollutants can be removed from rinsewater by ion exchange and the 
RINSEWATER 


water is then recycled. In special cases the metals removed by the resin can be regener- 
and reused in the process. A typcial flowchart of an ion-exchange system is shown in 
9.18. Most water-based chemicals used in a printed circuit shop ionize in water to 
form anions and cations: 


CuSO, > Cu** (cation) + SO;* (anion) 


‘When the material is passed through ion-exchange columns, the cations replace hydrogen 
jons in the cation resin: 


CAUSTIC 


ACID 
REGENERANT REGENERANT 


RH* + Cu“? 2H* + RCut? 
Similarly, the anions replace OH ions in the anion resin: 
ROH- + SO;*—> 20H- + RSO* 
‘Then the hydrogen ions, H*, and the hydroxyl ions, OH™, combine to form water: 
H* + OH-> H,O 


‘The ion-exchange resin is regenerated by adding a strong acid to the cation resin and a 
strong base to the anion resin. The regenerants reverse the above reactions, and the resin 
js returned to its original state. The metals and anions are removed in concentrated form 
‘with the regenerant solutions when the solutions are washed out of the columns. 

‘bh, Reverse Osmosis. Water can also be conserved by using a process called reverse 
‘osmosis (RO). Under high pressure most of the salts dissolved in water can be removed in 
‘a separate concentrate stream. By using two or three RO modules in series, enough water 


STRONGLY 
ACIDIC RESIN 


‘STRONGLY 
BASIC RESIN 


WATER BACK TO RINSE TANK 


REGENERANT WASTE can be removed from the concentrate to return it to a plating bath or similar process tank. 
TO TREATMENT Figure 9.19 shows a flowchart of the process. 
¢. Cascade Rinses. When sufficient room is made available in a plating or cleaning line, 
Fig. 9.18 Two-bed ion-exchange system. rinses can be cascaded to conserve water. Figure 9.20 shows a triple-cascade rinse, 


Makeup water is added to the final rinse tank and gets progressively more contaminated 
as it cascades to the preceding rinse tank. By cascading, the amount of rinsewater can be 
teduced to a small fraction of the water required with a single rinse tank, and the 
contaminant concentration can be increased correspondingly. 

d, Multiple Use. A simple one-for-two conservation of water can be achieved by double 
use of water. Cooling water can be reused as rinsewater where any rise in temperature 
‘improves rinsing. Some treated industrial water is suitable for landscape irrigation. 

ietimes the rinsewater from one process can be reused as the rinsewater for another 
Process, 

Double or triple use has been demonstrated in the electroless copper line as shown in 
Fig. 9.20. Notice in this case that none of the impurities from the rinses are deleterious to 
the tanks following the rinse. 

¢. Flow Regulation, Flow controllers can be used in conjunction with single-rinse, 
_double-rinse, or cascade rinse to conserve water effectively. In general, rinses run at too 

a flow rate. A simple, unadjustable flow regulator can be used to set an upper limit on 

flow of water to a rinse tank. 

An automatic flow controller opens and closes the rinse line valve on the basis of the 
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Fig. 9.19 Flowchart of typical reverse-osmosis system for treating and reusing rinsewater- 
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Fig. 9.20 Triple use of rinsewater in electroless copper line. 
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Fig. 9.21 Gold “save” rinse system, 
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conductivity of the water in the rinse tank. This 
sporadically operated plating or cleaning line. 


15. Gold Recovery Some printed boards are gold-plated either over the entire plated are 
or selectively on contact points. When the boards are removed from the plating bath, 
carry out some of the gold-bearing solution. The high value of gold has made 

seemingly insignificant loss very important. 


type of control is particularly useful in 
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Fig. 9.22 lon-exchange gold-recovery system. 


4a, Save Rinse, If the first rinse after gold plating is a still, save rinse, about 90 percent ¢ 
the gold dragged out can be recovered. When the gold concentration builds up to a po 
at lst the its from the save rinse is significant, the rinse is taken out for reclaiming # 
gold (Fig. 9.21). 
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Fig. 9.23 Electrolytic gold-recovery system (Lancy Laboratories). 
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p. Jon Exchange. Another approach to reducing gold loss is to use an ion-exchange 
process. The gold rinse can be passed through one or two ion-exchange columns and the 
collected in the resin. A typical cation resin has a capacity of about 250 troy ounces of 
ot ‘cubic foot. When the resin is near its capacity, it can be sent out to have the gold 
Selaimed. A sketch of such a system is shown in Fig. 9.22. 
¢, Electrodeposition. Gold can also be electrodeposited from the rinsewater. Lancy 
Laboratories has patented a system that recirculates the first gold rinse, which is a special 
chemical rinse, through an electrodeposition cell. The scheme is illustrated in Fig, 9.23. 
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Fig. 9.24 Chlorinated solvent trap. 
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‘The advantage claimed for the system is that the amount of gold recovered is readily 
Measurable. The major disadvantage is the security necessary to prevent gold losses. 

d. Evaporation. Continuously or periodically, gold rinsewater can be evaporated down 
to a concentrate or gold sludge. Evaporators for continuous operation are very expensive 
‘on the small scale that is usually involved in printed circuit gold plating. One inexpensive 
4pplication involves the use of a heated tank to which makeup water is periodically added 

the gold-save rinse tank. The concentrated gold solution or gold sludge in this 
vaporation tank can be sent out for gold reclamation. 

Spent gold solutions are an obvious source of gold scrap that can be sent out for 
teclamation. The biggest single source of gold waste is scrap printed boards, board trim, 
touting dust, and gold-plating-rack buildup. The amount of gold loss via any one of those 
Wastes is very dependent on the shop processes and board design. Usually gold conserva- 

measures will rapidly more than pay for themselves. 


18. Recovery of Chlorinated Solvents Spent chlorinated solvents are easily recovered for 
Jetting, and their high cost makes this the preferred disposal alternative. Trichloroethy- 
, 1,1,1-trichloroethane, and methylene chloride are the three primary chlorinated 
Solvents used to strip silk-screened resist, develop photoresist, and strip photoresist. The 
Solvents can be recovered in-house with’a small still, or they can be sold or sent out for 
‘ming in 55-gal quantities or large tank loads. Most industrial waste water ordinances 

Put very low limits on chlorinated solvents because of the high toxicity of the solvents to 
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the bacteria in the municipal treatment plants. Usually resist stripping and 
steps are followed by a water rinse. Small quantities of chlorinated solvent are 
the boards and go down the drain. The solvents are immiscible with water and are 
than water. They will sink to the bottom of pipes and tanks, attack epoxy linings, 

soften many plastics. F 


copper Recovery Spent copper etchant containing from 2 to 30 oz/gal of copper is a 
great potential resource. Most printed circuit shops have been anxious to get rid of spent 
‘etchant even ata cost: of more than $0.10/gal, but now several processes make possible the 
3 ‘e recovery of copper for reuse. Cupric chloride has been used as a regenerable 
¢ with a by-product of copper. Figure 9.25 is a schematic diagram of a process 
«qtented by Bell Telephone Laboratories. 

‘Ammonium persulfate also has been regenerated and recycled with copper ammonium 

CLEANAIR “sulfite as a by-product. This process was developed by FMC Corporation and given the 

4 name CAPER. It is shown in Fig, 9.26. 

Recovery of copper from alkaline etchants using liquid-liquid ion exchange shows great 

mise in the developmental stages. General Mills Chemicals, Inc., has been involved in 
Fime of this developmental work. 

‘The copper removed from electroless copper discussed earlier is also in a readily 

‘recoverable form (Fig. 9.5). 
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[=] Palladium Recovery The value of palladium has risen at a very rapid rate somewhat in 
“the shadow of the price of gold. Palladium is the main ingredient in the catalyst tank in the 
ectroless copper deposition line. Large plating shops may be able to justify a recovery 

tem for palladium. All the systems used for gold could be modified for recovery of 
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PLATED-COPPER “palladium. 
REMOVAL 
EPING CURRENT 
abd Tnthis chapter most of the pollution control techniques described have been engineered 
WORF |) es COPPER MERE to varying degrees of success over a period of many years. Innovation in this area of 
TANK oe pollution control has in the past been slight; there has been a low frequency of significant 


elopments. Pollution control developments in other industries, however, often have 


Fig. 9.25 Cupric chloride etchant regeneration system. ‘application to the printed circuit industry. Several publications on pollution control have 

4 “compiled information from many industries.? 
An effective scheme for trapping chlorinated solvents and keeping them out of t With the strong emphasis now being placed on cleaning up the environment, a large 
sewer is shown in Fig, 9.24. A simplified trap could be made with a translucent poly “amount of research has been and is being carried on, The results of the research will 
pylene tank with a weir overflow. The chlorinated solvent would be seen as a dark layer hopefully bring the printed circuit industry more effective, less costly, and more easily 


the bottom of the tank that could be periodically pumped or poured out. ‘operated pollution control systems than have been available in the past. 
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INTRODUCTION 


Various types and configurations of components are attached to a printed board to make 
the board a functional electronic device. The manner in which the components are added 
has several parameters. The relative weight of each parameter in the consideration of the 
chosen method will depend upon the ultimate use of the parent electronic assembly, 
Printed boards used in airbome computers will certainly have different relative vahies 
placed on the constraints than will those used in low-cost transistorized radios. In 
between the extremes of concem for reliability and cost are the majority of printed cireuit 
assembly requirements. 


VEREELEGATEEETTA NE. Hite 


Fig. 10.1 Typical printed wiring assembly, (General Atronics Corp.). 


All factors should be reviewed when the assembly process is chosen, That will ensure 
that changing needs will not have been overlooked. It is not the intent of this chapter to 
supply a perfect pattern for use in all possible situations. It is intended that the data given 
will be useful in determining the course of action once the factors have been identified. 


1. Reference Board In order to indicate differences in approach, a basic reference must be 
chosen. A typical board is shown in Fig. 10.1, It has TO-5 transistors, %4-W carbon 
resistors, tubular diodes, and dipped mica capacitors; and it is a plug-in board. Although’ 
this board has uniform hole spacing for the resistors and diodes, transistors and capacitors 
and does not have clinched leads, it can be shown what differences would occur if that 
were not the case. The board is double-sided with plated-through holes. It is to 
produced for commercial use in an industrial instrument. Shock and vibration reliability & 
no more than that encountered during shipment. Quality levels are those of good gene! 
workmanship. Specific assumptions will be made to match the process. 


2, Assembly Process Printed board assembly can be described as a process with a numbet 
of steps. A typical process consists of these steps: 

1. Job put-up (the gathering of all parts required) 

2. Component preparation (cutting off and bending of components before 
assembly) 


Manual Assembly 10-5 


3. Board cleaning (washing in a commercial cleaner or active flux and rinsing in 
water, etc., to prepare circuits for soldering) 
‘4, Inspection (examining components and boards for proper dimensions and 
damage’ . 5 
Kit components (placing of parts in trays in assembly sequence) 
Board assembly 
. Inspection (inspecting sample for component placement and value) 
. Soldering (hand-solder, dip-solder, machine-solder) 
|. Assembly cleaning (removal of all solder splashes and flux) 
10. Special-components addition (components that might be damaged by normal 
cleaning or heat of soldering) 
11. One hundred percent visual inspection (a check on solder, raised components, 
and aesthetic board appearance) 
12. Solder touch-up and correction of errors 
13, Electrical testing (this will obviate the need to check components in step 10) 
Defects repair and assembly retest 
Humidity sealing (if applicable) 
16. Stocking 
All the above steps must be taken regardless of the details of the actual process, but 
some may be combined for small volume. 


3. Economic Justification No two assembly facilities are identical. Decisions as to the 
approach of assembly techniques must be made at the manufacturing location. The data 
submitted w id in making those decisions. The figures in Table 10.1 are stated in 
hours. Multiplying by the applicable labor rate plus variable overhead will give the 
proper order of magnitude. The hour figures are meant for reference; their source is a 
predetermined time system verified by actual use. They may not be the same for any 
facility, but the order of magnitude is correct. 
The equipment costs are close approximations made to determine if acquisition is 
feasible. 
Equipment Cost 
Rotary table with spare trays . sont $ 125 
Lead former—axial components . : 1200 
Lead former—tra: aa sree : 2000 
Lead former—r: 
Power u 
Push lin station) « : 
Hydraulic press for lead forming ...... 
Dies for press (axial lead only, per set) ... 


BASIC CONSIDERATIONS 


The constraints on facility organization have two major divisions, design and cost. Each of 
these has a number of subdivisions. 


4. Product Design ‘The “engineered package” is the first subdivision, and it will be the 
Most confining of all factors. Component type, variety, location on the board, and interface 
With the rest of the instrument will confine the assembly process. It is well to remember 

at review of a design before release by a skilled manufacturing engineer will usually 
Temove unnecessary restrictions from the package. That will allow lower cost and nor- 
mally better quality to be achieved. 

Quality is the second subdivision of design. A board assembly must meet the required 
{duality levels. An exact concept of quality is difficult to convey. Most firms identify their 
4uality goals by means of definite phrases regarding workmanship, standard practices, 
esthetic appearance of the end product, and the duration of time or number of repeated 
“Yeles the unit will operate, ie., its effective lifetime. 

Reliability is the third division of design, and it is often confused with quality. It is the 

‘Stee of certainty that the device will function when required and will continue to 
SPerate for a specified period under given environmental conditions. Military specifica- 

for reliability, if required, will probably alter the assembly process. 


10-6 Assembly Manual Assembly 10-7 


5. Cost, The other major constraint is cost. Regardless of all other requirements, the | Right- and Left-Hand Analysis Here a typical right- and left-hand analysis is given 
method chosen will need to achieve the considered ends at the lowest possible cost. It ig Bent and cut 4-W carbon resistors. Compare it with the second analysis for die- 
understood that a board that requires special techniques will cost more than one that d formed parts. 


not, but it should be manufactured with all available economies consistent with that Right hand 
The subdivisions of cost are direct labor, volume, and equipment. The eombinateers Left hand eae 
the three will define the approach outlined by the design poretuant 


1. Get handful of parts from bin (once for 1. Hold pliers 
: each component type) 
TABLE 10.1 Typical Assembly Times Per Component 3, Move parts to work area 2. Hold pliers 
(Figures in hours) 3, Move one part to fingertips S. Advance table 
< ion |. Hold pliers 
Hand form Machine form Hydraulic form é (iced Somes 5, Hold pliers 
Hand 6. Hold part 6. Grasp part with pliers at right-hand 
peace 7. dead near body of put 
insert, trim Hand Hand | 7. Release part aoa 
Component type after solder Form insert. Form —_insent = ieee gies Seen 
Axial lead (resistor, diode) 0.0037 0.0005 0.0010 0.0005 0.0007. 10. Clear hand 10. Remove pliers 
Radial lead (not transistors) 0.0037 0.0010 0.0010 


LL. Repeat steps 1 to 10 for all boards on 
‘Transistor 0.0032 0.0012 0.0015 


2, Hold pliers 


table 
12. After all positions of same part are 
filled, replace remaining parts in bin 


Analysis for die-formed and cut parts on vertical parts carriers (see Fig. 10.7): 


For each observation to 
check location from print 
or prototype, add 0,0010 

For hand lead clinch (per 
lead), add 0,0006 


Example: 100 axial lead, hand bent, clinched leads, 
100 observations (100)(0.0037 + 0.0010 + 0.0012) = 0.590 
100 axial lead, machine 


Left hand Right hand 


1. Index parts wheel (once per part value) . Hold pliers 
2. Move to work area 2. Grasp part with pliers at right-hand 
leads near body of part 


formed, four observations (100\(0.0005 + 0.0010) + (4)(0.0010) = 0.154 3, Hold table 3, Move part to table 
100 axial lead, die formed, 4. Hold table 4, Insert part 
four observations (100)(0.0005 + 0.0007) + (4)(0.0010) = 0.124 5. Hold table 5, Remove pliers 

6, Advance table 6. Reach to next part 


NOTE: Source of values is predetermined time verified by use. 
Bie ‘ ‘The second analysis is obviously faster, but it has the limitation of requiring all boards 
made for different instruments to have the same component hole spacing. Otherwise, 


SMALL-VOLUME PROCESS PLANNING Separate die costs become uneconomical, 


Generally, “small volume” is considered to mean lots of fewer than 100 in a period of 
month, Equipment available should be as follow: 


1. Lead former and trimmer for axial lead components 
2, Lead former and trimmer for radial lead components 
3, Lead former and trimmer for transistors 


9. Preforming Leads The first analysis for formed leads allows for greater hole-spacing 
flexibility. However, if volume approaches the levels for machine insertion, the die-form 
technique is an excellent preliminary stage that prepares for eventual machine insertion. 

Die forming is accomplished by applying double-faced pressure-sensitive tape to 


4, Die and press for cut and trim axial lead components _fesistors and diodes before those components are removed from the commercial package. 

5. Rotary table and bins with vertical rotary part carriers The strip is placed into a die of a hydraulic press that cuts and forms to proper dimensions 

_ (Fig. 10.2). (Suggested dimensions are 0.50-in hole spacing for 44-W carbon resistors and 

6. Visual Aids A sepia print is made of the board assembly. Each component is numbet diodes with 0.045 in sticking through the board, See Chap. 1.) The taped components are 


to indicate assembly sequence. (Low-level components, such as diodes and resistors, at d on a circular carrier that rotates vertically. The rows are numbered, as are the bins 
installed first; larger components are placed on the board later.) The next step is to list th Fotary tables. Where applicable, combining vertical part carriers with rotary-table bins 
component part numbers in assembly sequence and note hole spacing for preparatidl offers the least variable cost short of mechanical insertion. See Figs. 10.3, 10.4, and 10.5 
equipment. Copies of the board assembly and component list are made. The first co other preforming techniques. 

Sones Facneeeey oeumene. The second inthe guid for arangingg 10.Assembly-Station Layout ‘The assembly station is a 4-ft-diameter rotary table with one 
nent trays, i is i a ) 

Pee GIR Sine ae gece eg wer of bins and one vertical parts carrier. An assembly document has a numbered 
Sequence of components which corresponds to the bin numbers or row of parts on the 
One factor in line assembly is the operator's memorizing what to do. It is not possib farrier. epee are held in place on 1 ee Pala pads a Gee ee ee: 
memorize large portions of an operation in a short period (e.g., the time required to b ui only hand tool required is a pair of long-nose pliers, The finished parts are tran: 
100 boards), but it is possible to learn after one observation where a component should b Ported on the Styrofoam pads (Figs. 10.6 and 10.7). 
placed. If an operator had only to place one component in each board, the learning cu 
would be almost eliminated. The problem, then, is to allow the boards to flow past # ASSEMBLY PROCESS 
Gans or re mininteed. The e tary tab Chay ee ic (remo re M-Lead clinching If the leads must be clinched to meet a design specification, the boards 
cycle for one are minimized. The rot le susan”) does exactly a le ; e s 
number of boards are placed on the table. As each component is placed, the table rot fee placed into a special fixture after assembly. This fixture consists of a frame nest for 
a stirs a sao board for assembly. ee one completed revolution, a new component Be San z ee ise with %-in-thick foam rubber is placed on top. The fixture can now 
selected and the operation is repeated. If the board: all that 10 can verted for clinching. i : 
placed in front of the operator, te rotary table we not recesed or ON Operator uses a pair of flush-cutting diagonal wire cutters. The lead is grasped 


7. Learning Curve The major problem in direct-labor assembly cost is the learning curv 
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Fig. 10.2 reforming axial-lead component leads with die set (Hewlett-Packard Co.), 


where it will be cut. The lead is bent against the circuitry and clipped in a single motion, 
The work begins at the lower left-hand corner and progresses across and upw 

Parts which have been precut will have to have excess stick-through length te 
clinching. The normal dies mentioned earlier do not have this lead-clinching capability 
unless so specified. 


12. Presoldering Inspection One board of the assembled group per table load is 100 


y inspected for component placement and value. The purpose of the cheek 
ent errors. It is likely that if one component is misplaced on one board, it 


Fig. 10.3 Cutting and preforming transistor leads by machine (Hewlett-Packard Go.). 
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will be misplaced on other boards. Random errors are found in testing. Under normal 
operating conditions it is not economical to inspect further at this point. _ 

Overlays made of Mylar* or similar material can be used to check for component 
placement. They are made by drawing or gluing the appropriate component outline and/ 
or color coding on the transparent material. Another approach is to cut the component 
gutline from heavier material. All components of a given type can be on one overlay. The 
series of overlays will indicate which compo- 
nents are missing. 


43. Soldering The assembly is now ready for 
soldering. Normal commercial work can 
avail itself of the water-soluble active fluxes 
to get better and more consistent solder 
results. When rosin fluxes are required, the 
technique varies slightly. For military work 
refer to MIL-STD-275. 
A dip pot is the most common form of 
soldering at the time of writing. The board 
has a rubber channel fitted to the plug-in 
fingers to serve as a solder mask. It is then 
placed into a tonglike device held in one 
hand. The board is passed over a foot-control 
spray device which applies the flux, and it is 
then placed into a skimmed pot of solder that 
is 490°F at the surface. One edge is placed 
first, and with a careful rolling motion of the 
wrist and forearm the solder is applied (Fig. 
10.8). The board is set aside and allowed to 
cool. 
The rubber channel is removed. The 
board is placed in a standard dishwasher and 
cleaned with a detergent. If the water is very 
hard, a softener may be desirable to avoid 
deposition of a film on the board, Fig. 10.4 Cutting and forming die for transi 
If rosin flux is used, a bath in Freon* or tor leads, manual method (Hewlett-Packard 
similar solvent is substituted for the washing © 
Step. Extreme care must be used in choosing 
the solvent, because some solvents will remove the inks used for component identifica 
tion. A number of manufacturers make equipment that will distill and recover the 
Sects, Equipaientuing alanscnictanstuces to clean ixieouridercd Wieereptable 
because of a history of damage to semiconductor devices. 


14. Special Components If there are components that will not stand washing or the heat of 
the dip pot, they are installed now. Some examples are connectors, trim pots, and some 
tunnel diodes. A normal bench station is used, because the number of components is 
usually small. 


%$.Touch-up This is a rework station, Its main purpose will be solder touch-up. The best 
iton for this purpose is not in excess of 50 W. The main danger here is the lifting of 
“ircuitry with excess heat. A suction device that operates with the iron is quite useful in 
Temoving excess solder. If it is necessary to remove a component, this device is quite 
effective, 

Since rosin flux is used here, a solvent will be required to remove the flux at touch-up 


Points. It is normally applied with a small brush or cotton swab. It is easily removed with a 
toothbrush. 


18. Final Inspection The boards are now 100 percent visually inspected for soldering, 


Proper seating of components, and other visual defects. Each defect is noted and passed to. 


red trademark of E. 1. du Pont de Nemours & Company. 
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Fig. 10.7 Insertion operation with preformed parts (Hewlett-Packard Co,). 


17. Test and Repair This station is essential to minimize checkout time of the final 
instrument. It is obvious that fewer errors going into a system will mean fewer considera- 
tions necessary when malfunction of the assembled system occurs. Accessibility of the 
malfunction is an important factor too. The specific test equipment used will depend on 
Fig. 10.5 Preforming axial-lead component leads with individual handling machine (Develop-Amatie the facility and its volume and the available personnel. 
Engineering,). ‘The station may also be used to install selected value components. Most small malfune- 
tions are corrected here and the recheck made. If the facility is large, it may be better 
the rework operator. It is essential that solder touch-up not be done by the inspector. The utilization to have the troubleshooting done separately. Again the decision is best reached 
tendency is for the inspector to “dress” a board that does not require it. That results i at the facility. 
higher touch-up costs and potential board damage. Identification of touch-up points 
dyed flux is preferable. Th A 18. Conformal Coatings Humidity seals are applied by spraying or dippin; 
excellent for the purpose. preferable for production because of ease of application. If sealing is 
boards are usually dried in an oven prior to 
coating to ensure low initial moisture 
content. 
Required equipment includes an oven, 
spray booth and spray gun, or vented hood 
and drying area for dipping. A wire ra 
usually sufficient for drying 
boards, Dipping requires a drip-off 
Use of clips on a traveling clothesline is 


Very effective in this application, 


19. Stocking The assembled boards are 
Now ready for the stockroom or final assem- 
bly area. Special containers for boards may 
Seem to be an unnecessary expense, but 
Feplacement costs for damaged boards will 
Pay for proper containers. Commercial con- 
fainers are available. 


PROTOTYPE PROCESS 


The major difference here is that compo- 
=a will not be preformed and precut. All 
ards can be placed in front of the opera- Fig. 10.8 Dip soldering (Hewlett-Packard Co.) 


Fig. 10.6 Rotary work station (Hewle 
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tor on L-in-thick Styrofoam. If the boards are large and have many components, it will be 
worthwhile to build as though they were small-volume. A check of the justification sheet 
will confirm that statement. 

If dip-solder facilities are not available, hand soldering will suffice. A low-wattage (not 
to exceed 50 W) iron is a must to avoid circuit damage. 


LARGE-VOLUME PROCESS 


The main difference between small volume and large volume is the use of the assembly 
line. Calculations will show that there is a slight theoretical advantage to the line 
assembly even when loss to line balance has been considered. 


Fig. 10.9 Soldering-machine console. (Courtesy Electrovert, Inc.) 


20. Planning Additional planning is required for line assembly. All operators must have 
approximately equal portions of work if the total unit time is to be minimized. Unequal 
work content will allow wastage of time in the lighter-loaded stations when the heavier 
loaded stations are working at a normal pace. 

Line balancing must be done for various levels of production, since the number of 
operators on the line will affect the production rate per unit of time. Production require 
ments may vary widely over a period of time, or sufficient operators may not be available 
to operate at a given level. : 

A document indicating which components are to be assembled by each operator i$ 
necessary for consistent level of productivity. 


21. Assembly-Station Layout The assembly station will consist of a track on which the 
board slides, if push-type, or is moved by conveyor, if powered. A quantity of numbere! 
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trays will be evident, as in rotary-table assembly, except that they are stationary. The 
vertical parts carrier is also of advantage here. 


22.Seldering Soldering may be dip pot, but more likely a wave-soldering machine will be 
‘sed. Either the boards are transferred from the assembly line to fixtures for soldering or 
the track extends so the soldering is an extension of the assembly stations. In either case 
the board is automatically fluxed and soldered (see Fig. 10.9 and Chap. 14). Two main 
advantages of such equipment are reproducibility of process and lower unit cost. Uniform 
quality is assured, and unit cost is lower because initial soldering is better and less rework 
is required. 

‘The rest of the operations are similar to small-volume. They are often connected by 
conveyors to handle material flow. 


IN-LINE VS. ROTARY WORK STATION 


When should the rotary table assembly be replaced by line assembly? That is a good 
question that is difficult to answer. However, as a rough rule of thumb, unless the 
calculated time values weigh extremely in favor of line assembly, the rotary table is 
preferable. Table 10.1 will aid in the necessary calculations. After the totals are compared, 
look at the comparative benefits. 

Line assembly will provide operator pacing, reduce the time of the first completed 
piece, allow quick checks of completed-parts status, use less floor space per operator, and 
give the impression of mass-production savings. Also, it requires more service time for 
initial start-up and maintenance from manufacturing engineering, requires a skilled labor 
pool to offset absenteeism and production changes, and is held to the slowest operator. It 
does not allow job identification as does the rotary table. 

Again this is an analysis best made at the facility, by a review of the facts. 


SUMMARY 


The small-volume printed board assembly process has been detailed with some alterna- 
tives. The prototype and large-volume processes were compared with the small-volume 
process. The constraints of design and cost were explored. Data were given to aid in 
aching a decision as to a specific process. To develop a proce: 
1. Review the constraints, item by item. 
2. Make the cost analysis. 
3. Add good judgment 
This procedure will yield the optimum process for any facility. 
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INTRODUCTION 


The primary reason for employing semiautomatic or automatic insertion of components 
into printed boards is to reduce costs by eliminating the labor otherwise involved. There 
re other significant advantages in the use of mechanically assembled boards. In view of 

increasing emphasis on reliability, good mechanical assembly assists materially in 
achieving circuits free of open connections in the operating environment. When uniform- 
ity of circuit performance is a factor, the mechanically assembled board can be superior. 


4 
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Properly designed insertion and clinching equipment offers still another advantage in that 
it makes possible a high component density with minimum copper land area around the 
hole on the circuit side of the board and a minimum distance between terminal area and 
adjacent conductor on the underside of the board because lead length is limited. The 
latter advantage, of course, is particularly useful when miniaturization is an objective, 
Most users of insertion equipment are influenced primarily by the cost factor. The 

savings to be realized, although fundamentally dependent on the efficiency of manual 
methods previously employed, are influenced by the following factors: 

. Board volume 

. Board configuration and tolerances 

. Product mix 

. Component mix 

. Hole pattern and component location 

. The insertion technique employed 


L. Ys AND 
X1 AND TOLERENCE TOLERENCE 


[+ Xz AND TOLERENCE- | 
LOCATION AND 


X REFERENCE LINE REPERENCE 


Y REFERENCE LINE 


b- —— Xo AND TOLERENCE —— 


Fig. 11.1 Typical reference hole usage. Locating holes—recommended: 0.125 + 0.002 in; locating 
pins—recommended: 0.125 ~ 0.001 in. 


This chapter considers the effect of board and component variations on the desirability of 
mechanical assembly, the various machine configurations available, and the factors 
involved in the selection of the best machine approach. 


VARIABLES AFFECTING FEASIBILITY OF AUTOMATIC 
INSERTION 


1, Uniformity of Board Layout The board designer influences the success or failure of a 
particular program in many ways by the methods he uses in the original board layout. A 
design can be highly adaptable to automatic component insertion, or it can be made 
sioptactical for such insertion by relatively minor variations in orientation (axis) and spam 
choices. 

Of prime importance in board construction is the establishment of accurate locating 
points with respect to which all holes are drilled or punched. The locating references may 
take the form of two or more holes, slots, or straight surfaces. By one of the references, the 
board is positioned on a board holder and readied for component insertion. The accuracy 
of hole placement with respect to the locating points will determine the insertion 
reliability. Accurate location will lessen the clearance required between lead and hole 
diameters, 

To obtain the least amount of tolerance buildup for inserting, care must be exercised in 
the initial board drawing to ensure that the component holes and the board locating holes 
are only “one tolerance” apart. That can be easily accomplished by having the dimen- 
sional reference lines go through the board locating holes. Thus, once the holes are made, 
they may be used as the board reference for screening, drilling (or punching), and 
insertion (Fig. 11.1). 
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2. Hole Location and Sizes Just as location of holes on a standard grid pattern offers 
important advantages in board fabrication, so does it in automatic insertion. Design and 
construction of fixtures, indexing mechanisms, pantograph-table locating templates, or 
jmmerical control systems is simplified and the function is made more reliable. Cost of 
engineering time at the outset can be recovered many times over in savings in cost of 
insertion equipment and the labor involved in its operation. For example, a master 
template for the grid involved with a manual pantograph insertion machine costing $1500 
may be used for all component patterns in combination with an appropriate mask of 
nominal cost (Fig. 11.2). If a grid system were not employed, individual jig-bored 
templates costing an average of $250 each would have to be fabricated (Fig. 11.3). Tn this 
example, the master template made possible by use of the grid system pays for itself when 
as few as ten different component-location patterns are involved. 


Fig. 11.2 Master grid template. Fig. 11.3 Custom-fabricated template. 

The accuracy of board fabrication is a major factor in determining final success of an 
automation program for board assembly. Compromise places burdens upon machinery 
manufacturers and usually results in mi insertions, rejected boards, and machine 
downtime. In general, the hole size necessary for component insertion is a function of (1) 
component lead diameter and all machine tolerances involved in guiding the leads in the 
head for insertion, (2) the table positioning accuracy, (3) the board locating accuracy (on 
the holder), and (4) the drilled hole pattem accuracy with respect to the board locating 
teference. 

For most pantograph and numerical control (NC) machines, maximum machine toler- 
ance for head, table, and board locating accuracy is +0.004 in, so a starting hole diameter 
0.008 in larger than the wire diameter being inserted is required. To that hole diameter 
Must be added the manufacturing tolerance of the printed circuit insertion hole pattern 
with respect to the locating references. Generally, components can be inserted into holes 
only 0.010 in larger than the wire diameter, assuming high-accuracy boards. In some 
instances, it may be necessary to allow as much as 0.020 in clearance for less accurate 

ards. Therefore, the formula for determining hole diameter becomes: 


Hole diameter = wire diameter + 0.008 in + location tolerance 


As an example take a 44-W resistor with 0,025-in wire diameter, boards with hole location 
accuracy of +0,003 in, and the standard machine tolerance of 0.008 in. 


Hole diameter = 0.025 + 0.008 + 0.006 = 0.039 in 


3. Variations in Insertion Spacing Relatively few users of printed boards have realized the 
advantages of standardizing on, or grouping, insertion spacings. When spacings are 
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standardized, automatic insertion is most practical because the basic mechanis1 

be standardized. That results in excellent advantages in cost savings due to minimizing, 
tooling pen setup changes and maximizing reliability of operation of the mech 
involved. 

Standardization of manufacture naturally limits flexibility of circuit design; therefore, 
careful analysis of planned production quantities, design and manufacturing schech 
and circuit function is required before standards can be established. Variations incom 
nent size and configuration present an interesting complication, and the design en 
must possess a thorough understanding of assembly techniques and equipment 
tions if he is to take advantage of the cost-saving potential. 


Fig. 11.4 Component placement planning: All one axis, all one span; sequencing shown. A fix 
center-distance head can be used. 


There are now three ways in which axial-lead components can be inserted with 
to span (distance between hole centers): (1) fixed span using a standard, fixed: 
stance insertion head with a given set of fixed tooling, (3) two spans using a dual: 
stance (DCD) insertion head which can be switched manually on a pantogray 
automatically on an NC machine between any two preset center distances within its rans 
and capability, and (3) more than two spans using a variable-center-distance 
insertion head which can be obtained in a mini-computer-controlled configuration. 
VCD can attain any span required to 0.001 in within its range and capability. Equi 


to be used for a particular application depends on quantity of boards, desirability 0 


eliminating multiple passes through the machine, and board and component quality. _ 
Proper planning for general-purpose insertion machines involves the selection 

single axis for component mounting, When a single axis is not possible, the x and y ax 

are preferable to random-angle location for mounting components. Savings in fixture 


Setup time, and board handling can compensate many times for the costs involved i 


Fig. 11.5 Component placement planning: All one axis, two or more spans; sequencing can be t 
Regus ‘eoltole passes with a standard head, but may be completed in one pass with a DCD or V6 
insertion 
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initial engineering (Figs. 11.4 to 11.6). Components mounted at various angles and 
es spans oe require multiple-head insertion machines with automatic board 
handling. Each head places a specific component in the board at any given location (Fig. 
117). 
ponent Spacing " . ‘ 

ree oes oy oe ertiprd bata lond inboyeibn Hedda aS eculcped witli oalviae 
fonners which guide the leads to the point of insertion in the board, the clearance area 
around a given hole must be taken into consideration if the equipment is to function 
properly. Figure 11.8 shows a top view of an outside former at the point of insertion; it 


Fig. 11.6 Component placement planning: Two axes, two or more spans; requires sequencing and 
VCD insertion or multiple-head system. 


illustrates the clearances required between the lead being inserted and any adjacent 
component body or lead. The table in Fig, 11.8 lists typical dimensions used in the 
construction of outside formers. 

A standard blank is generally used for all outside formers. As a result, a progressively 
larger V is ground to suit larger wire diameters. The centerline of the wire moves deeper 
into the ground V and decreases the x dimension. For applications involving dense 
component assembly of small components (diodes or 4-W or smaller resistors), considera- 
ble material can be removed from the outside edges of the former without a loss of 
durability to the tool. x min and y min are given as practical minimums. 

Figure 11.9 shows the clearances required for various component locations and the 
Sequence of assembly. 

b, Radial-Lead, Location of radial leads (transistors in general) is probably less defined 
for tooling requirements than for any other insertable component. The nonuniformity of 


Fig. 11.7 Component placement planning: All directions, many spans, many types. 


Vg 
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oe component itself and of the packaging method leads to many forms of 
tooling. 

There are two general methods for automatically inserting transistors into print 
boards: (1) radial insertion, in which the part is held by the body and the prepared leads 
are inserted straight in, and (2) axial insertion, in which the leads are formed outward, 
one way and one the other, and the lead tips are taped much as in the case of an axiz 
component. The reel-packaged transistors are then placed on an insertion machine with 
modified axial component head and inserted in much the same manner as an axial 
component is. 


IF AIS INSERTED FIRST: 


Y+1/2 wd OFA 
IF B IS INSERTED FIRST: 
X+1/2ud OF B 
‘ ‘SPAN a IF AIS INSERTED FIRST: Y 1/2 ba OF A 
0.093 IF BIS INSERTED FIRST: Y+#1/2 bd OF B 
(STD) Z= 1/2 WIRE DIAMETER 


Fig. 11.8 Outside formers. Top view of formal component lead in tooling of insertion head. 


IF AIS INSERTED FIRST:Y +1/2 wa OF A 
IF BISINSERTED FIRST: Y+1/2 wd OF B 


Wire diameter, in X Std. in X Min., in Y Std., in 

0.015 0.085, 0. .« 

om oa CHECK X DIMENSION FOR 
0.020 0.083 0.035 0.062 POSSIBLE INTERFERENCE 
WITH BI OF A 
0.025 0.080 0.040 0.062 
0.030, 0.078 0.045 0.062. S| *A—} =< USE WHICHEVER IS LARGER: 
1/2 bd OF A+ 1/2 bd OF B 
0,040 0.073 std. 0.062 OR 
0,050, 0.068 std. 0.062 a= Y+1/2wd OF ADJACENT COMPONENT 
In radial insertion, the part is handled by the body; hence each different physical p eg ED Eat ene Or sore silt b 53 
requires different tooling, In axial insertion the part is handled by the leads, and so lo | 
the partis within a maximum outline, one standard head will handle all physical types. : Pa 
1. Axial version. Figure 11.10 shows the taping specification for the TO-18 family « 


transistors formed as an axial device. It also shows the insertion characteristics. IFAIS pine TED FIRST: 
a i ion. Fis 5 i i ight-in rad we 
Hai pe Sen eee Figure 11.11 shows a typical specification for the straight- Re a 


For both types of insertion, tooling clearances must be provided. Above-the-board Bosal e INTER ERENC TR ee 
ances similar to those shown in Fig. 11,10 must be used in the axial method, The 
technique requires a collet around the body diameter approximately 0.080 in larger 


the body. x 

Radial insertion also requires larger holes for reliable assembly. Since the compon pa Jag ira isinserten Finst:x+1/2b4 OFA 
hody is located by a collet, the leads are left unguided and their accuracy of location ad IF B ISINSERTED FIRST: 1/2 bd OF A+ 
to the necessary hole size. Generally, transistors can be prepped, depending on le | 1/2wd OF B 


IF BIS INSERTED FIRST: 
X+1/2wd OF B 


IF AIS INSERTED FIRST: 
X41/2wd OFA 


length and form, to within + 0.005 in from true body centerline by adding 0.010 in to 
hole size requirements of Sec. 2. Tooling can be provided to guide the leads of rad 
components into the boards, but its cost and the room necessary for operating on 
surface of a PC board limits the application. 

ec. Integrated Circuits (DIPs). Integrated circuits (generally dual in-line packages BEPALS | Cloncances vequived for vacious connponent locations and esquencesof assembly: Key:hl-= 
DIPs) for automatic assembly, although still much in their infancy, do have some body length; bd = body diameter; wd = wire diameter; cd = center distance. Dimensions indicated are 
lished guidelines. The clearances for DIPs are exactly the same as those for a stand Minimum tolerance unless otherwise indicated. 
axial component, since the principles of insertion are identical. The general equation 
given in Sec. 2, and the only difference is that, for the lead diameter, the effective 
diameter of the DIP—the lead diagonal—is used. For example, DIP leads of 0.010 * 
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0.020 in max have an effective diameter of 0.023 in. When they are used with a board 
has a hole accuracy of +0.003 in (or 0.006 in absolute), and with a machine allowance 
+£0.004 in (0.008 in absolute), the minimum hole diameter should be 0.023 + 0.006 4 
0.008 = 0.037 in. Pointed leads on the DIPs would nominally reduce the effective 
diameter by 0.003 to 0.006 in depending on the physical configuration used. 1 


con ents. When variation exceeds 0.010 in in diameter, it has generally been found 
desirable that a different mechanism, or at least some change in tooling, be employed. 
‘Minimum possible insertion spacing for a given component is determined by lead 
eter and body length. The forming mechanism must have room to work between the 
end of the body with some clearance and be of sufficient thickness to withstand the 


SEE NOTE 4 I. 10-18, ETC. 
0.015 MAX. 
= ‘A, PREPPER INPUT al fie +0002 
es ar 0.100 40.015 14-IN MAX. REEL DIAM. ry 
4 Los Bs +0005 
0.250 eer 
£0.015 5/8 IN 
B aa 0.015 MAX. MAX. 
MISALIGNMENT VIEW-A 
STANDARD ta 
3M 1/4-1N — 
# 267 TAPE, EACH SIDE EQUAL. 
OR EQUIV. WITHIN 0.032 8. INSERTER INPUT = ee 
| OUTSIDE +0.005 
nase i. OST las Tarr din MS SRERARI NEED 
o.81270.980 aa FROMTRUE POSITION. 
‘812 -0,000 an SEENOTES 
pran 0-070 Ly [r= Ola I. TO-92, ETC. 
wew —o200§ [ HE] Fo.100 A. PREPPER INPUT | ri 0,020-IN MAX. 
2, 5 Y BE 0.1007. +0.002 CROSS SECTION 
SPACING ON TWO-LEAD SIDE MAY BE 0,100; } a=) 
+0,005 
LEAD DIAM. 8 O18 0.281 MAX, — oe Spot 
5/8 IN 
SEE NOTE 2 . ae 
0.040MAX. 
Fig. 11.10 Taping specification for machine insertion of TO-18, TO-92, TO-98 and similar transis 
NOTES; 1, Heavy kraft or single-ply A type corrugated interliner to be used. 2. Lead length in BINSERTERINPUT | | [+ 20.002 
with tape, each side: 0.120 in minimum. 3. Leads must be straight within 0.015 in between bods ae ie 
tape. 4. Component bodies must be in line within 0.015 in. 5. No more than one component m 8) 
; ; me MAX. PREPPED LENGTH FOR INSERTION 
missing at a gap. 6, Distance between tapes may not go below minimum shown. Variation of 0.06 eae 0.120 INTO 0.0454N DIAM, HOLES +0.003IN 


over reel permissible. 7. Both in-line leads (TO-92, TO-98, etc.) and TO-18 pin configurations st 
for this process, 8. Insertion spacing is a function of part width. For example: for 0.235 in wi aa FROM TRUE POSITION. 
0,400 in. Certain plastic devices can be handled down to 0.300 in. 


Fig. 11.11 Transistor prepping and insertion specifications. 


It is recommended that all DIPs be arranged in a single orientation. The 180° 0 Biro ace, 
tion is acceptable if sequencing is used on the insertion machine, but it counts {Smning action of the wire size involved. In some cases, lead material also may affect lead 
additional component requiring a separate input on the sequencer. Machines that ‘Pacing, In general, Fig, 11.13 shows the requirements for axial component insertion. 
perform the sequence-and-insert operation are available with up to 72 separate 'y diameter is important when a variety of components are considered. Most 
magazines. ‘ insertion mechanisms compensate for difference in diameter by having a number of 
Figure 11.12 illustrates the end-to-end and side-to-side spacing for DIPs. In genera do wnstops that can be manually or automatically set to limit the stroke of the driver so that 
axials and DIPs are mixed on the same board, the same spacing rules could ap empl Donent body is gently pushed against the board surface. Other mechanisms 
provided the axial component height were no greater than 0.250 in at the p Sibloy springs to compensate for difference in body diameter. 
tlearanos: ‘igure 11.14 shows a typical application utilizing the recently developed technique of 
ing the component lead spacing within the insertion head (VCD) at the time of 
Seettion, The system not only allows for insertion spans from 0.300 to 1.300 in but can 
VARIATION IN COMPONENTS sno make fine adjustment for different lead diameters to provide exact centering for 
5, Axial-Lead Components Variations in lead diameter put the principal limitation | tical insertions. All components and jumper wires shown in Fig. 11.14 were inserted in 
ability to utilize a given fixed-center insertion mechanism, or station, for a varie} Sequence, 
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6. Radial-Lead Components Satisfactory operation of radial-lead component tion 
equipment is substantially dependent upon continuous reliable feed of components in 
the insertion nest. Accordingly, slight variations in body size, irregularities in co 
tion, and solder or weld beads cannot be tolerated if the automation effort is to. 
successful. Change from one type of component to another requires, at the minim 
extensive tooling change. An exception is shown in the example illustrated in Fig. 1} 
The radial-lead component (transistor) has been packaged by the leads, so that variati 
the body does not affect insertion reliability. However, variations will affect the packaam sa) 
equipment and must therefore ultimately be analyzed for tooling change and cost. 


0.250 IN MIN. 
t 1.2501N MAX. 


ONLY 


Fig. 11.12 End-to-end and side-to-side spac 
ing for DIPs. 


total packaging and insertion system, th 
approach has proved to be economical in h 
volume applications. 


7. Integrated Circuits Generally, multi-leadg 
devices present problems because of lack 
uniformity of body size and shape, diffi 
maintaining desired lead condition, and 
problems at the input to insertion n 
nisms. Careful control of component co 
ration and packaging and planning for 
matic insertion from the outset are 
requisites for successful assembly. 
component manufacturer, component 
and equipment supplier must work clo 
together if a suitable solution to the over 


problem is to be found. 
Successful mechanized assembly for 
grated circuits is being achieved by using the relatively standard DIP package. Althou 
standardization is not complete, systems for excellent labor savings are available. F 
11.15 shows some configuration requirements to make mechanized assembly practical. 


8, Other Insertable Components The disciplines required for automatic assembly of ac’ 
components hold true, as they do for all board “hardware.” If an item can be 

and economically packaged for presentation to an assembly head, and if the item itself 
the characteristics necessary for presentation to its mounting on the board, it cat 
considered for automation. The hardware manufacturer, user, and equipment supp 
must work closely together to ensure success, 4 


COMPONENT PREPARATION AND INPUT TO THE 
INSERTION MACHINE 


9. Axial-Lead Components For insertion equipment to function reliably, components 
be presented in a uniform manner and always in the same position with respect to 
insertion mechanism. The leads must be straight, and the component must be conti 
in some way at input to the insertion mechanism. The containment methods com 
employed are manual, chute feed, magazine feed, plastic-strip packaging, and bo 
lead taping. The latter is perhaps most commonly used. (Figs. 11.16 to 11.18). 
Manual input offers the advantage of providing for very short run insertion of com 
nents but is slow; the operator paces the machine. Presentation of components {0 
operator, particularly in sequence, can be troublesome. Chute feed requires u 
mechanized chute loading and is susceptible to jamming owing to component it 
or the bending of leads in handling. Magazine feed offers advantages in pro 
component prior to input to the insertion machine, but it also is susceptible to 


when the component condition is not uniform. Some special components, or very 
components which can not be lead-taped, are packaged in continuous plastic 
Although the packaging is excellent for such components, it creates tricky comp 
removal problems at the insertion mechanism. 3 
Body taping is generally used for large, heavy components but it has the disadvantagi 
allowing component leads to be bent to such point that the insertion mechanism 
function properly. Lead taping is in general use because it provides a way of obta 


RADIUS=2 W.D.(NORM.) 
y 


0.400 IN MIN. 
1.000 1N MAX. 
‘STRESS LOOP RADIUS ADDED —>} 


(db) 


0.125 IN MAX. 


0.400 IN MIN, 
1.000 IN MAX. 
STANDOFF LOOPADDED 


(c) 


Fig. 11.13 Requirements for axial component insertion. 


(a) Standard 
Wire diam,, in x min, in 
0.015 0.050 
0.020 0.075 
0.030 0.090 
0.040 os 
0.050 0.120 
(0) Stress loop 
Wire diam., in x min, in uy, in 
0.020 01s 0.060 
0.050 0.150 0.090 
(c) Standoff 
Wire diam. x min, in 
“0.195 
0.150 
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Fig. 11.14 Example of inserted components. 


SEATING PLANE 


0.375 MAX. 
0.265 MIN 


0.125 MIN. 


q 


[+X EQUAL BOTH ENDS 


Fig. 11.16 Typical system for feeding, straightening, and lead taping axial-lead componen 


G EQUAL SPACES 0.010 T.1.R. 
AT 0.100 +0.010 
NONACCUMULATIVE: 
EQUALS 0.600 +0.010 0.300 MAX. TO LEAD 


MEASURED AT LEAD TIP 


CENTERLINE WHEN 
-FORMED PARALLEL 


0.252 MAX— 

0.040 DEPTH 

1. REQUIRED FOR 
f 0.252MAX. DIM. 


0.010 


x O.o1 
0.218 
MAX. 


t |__ 0335 


VIEW A: 
TYPICAL LEAD. 


0.108 0.375 
t 20° (OUTSIDE OF LEADS) 
TOOLING 
CLEARANCE oo 
LINE. TRANSITION FROM LEAD 
SEE NOTE3 TO SHOULDER OPTIONAL 
SEE NOTE 3 


Fig. 14.15 Preferred dual-in-line package configuration. NOTES: 1. Components may vary = 
dimension A without insertion adjustment for runs or sequences involving various components from? 
single or multiple vendors. 2. When dimension A varies more than 0.020, either manual or aut 
adjustments must be made to compensate for component configuration up to the minimum and 
maximum as shown, Input magazines must also be changed feeding the insertion head. 3. Lead 

must be within tooling clearance line at all points (see View A). 4. When two-piece bodies are useds 
half to be within +0.010 of true centerline position at all points. 5. Lead tip position errors to be #1 
=0.010 of true location of inside view. 6. Leads to be straight with no inward bends. See end view 
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Fig. 11.17 Axial-lead components, lead-taped and body-taped, placed on reels with interliner ready 
for feeding into an insertion mechanism. 


ARBOR HOLE DIAM.— RECESS DEPTH © OVERALL 
13.90 mm{O547IN) | 950mm(0374IN) LENGTH: wiNDOW 
13 ‘aINIMUMA 


Note? NOTE H 
3810mm (1.50 IN) Baines Es 
ae Real naes 


AMMUNITION 
SGNpe PACK aT 
Us 
Ele-120mm — Serion 
HE (OOS7IN) SEE NONE 
NOTE? CORE DIAM. NOTE 3 
2562s fh 
7620mm(30iN} 92.10 mm(3626IN) ie 
355.60mm{I4.01N) HUBRECESS Lp. NOTE 6=1le 
DIAM. 286mm (.136N) 


Fig. 11.18 Lead tape reel packaging of axial-lead components (from EIA Standard RS-296), 


TABULATION 


Component Component __Tape spacing 
Component type body diam., in spacing A B min. B max, 


Resistors, diodes, 

capacitors, 0.000-.200 0.200 = 0.15 1%h2 The 
Inductors, 0.201.375 375 * O15 
Insulated dumpers 


Notes: (1) Leads shall not be bent beyond 120mm (0.047in) from their nominal position when 
measured from the leading edge of the component lead at the inside tape edge and at the lead 
egress from the component. (2) The C dimension shall be governed by the overall length of the: 
taped component, The distance between the flanges shall be 1.50mm (0.059in) to 8.00mm 
(0.315in) greater than the overall component. (3) Lead ends shall not extend beyond the tape more 
than a maximum of 1.6mm (0,063in) (See note 18.) (4) Each component lead shall be sandwiched 
between tapes for a minimum of 3.20mm (0.126in). (6) Exposed adhesive shall be no greater 
than 080mm (0.031in) maximum. (11) The window, which is equal to the maximum component 
clean-lead-to-clean-lead length, shall be centered between lead tapes such that the difference: 


between D1 and D2 does not exceed 1.4mm (0.055in). (13) Quantity of parts shall be controlled — 


so that the tape components and final cover shall not extend beyond the smallest dimension of 
the flange (either across the flats or diameter). Once the quantity per reel for each part number has 
been established, future orders for that part shall be reeled in that quantity. When reeling quantity 
is less than the established quantity, a suitable size reel or ion pack may be 

option. (16) Cumulative pitch tolerance A shall not exceed 1.50mm (0.059in) over 

components, (17) Minimum reel markings shall con 


Customer part # 

Purchase order # 

Quantity 

Manufacturer's name or trademark 

Reeling date 

Date codes (when applicable) 

Vendor type or part number (when applicable) 

Electrical value (when applicable) 

‘Tolerance (where applicable) 
(18) Unless otherwise specified—EIA recognizes this revision as a significant change—Deviations 
may be necessary to accommodate existing equipment. In this regard, specific note is takem 
the previous 0,375-in component pitch. 


positive feed into the machine at the same time that the leads are firmly held and thus 
ensures pickup by the insertion mechanism. 


40. Radial-Lead Components Packaging for the insertion of radial-lead components has yet 
to be standardized. Figure 11.19 shows an example of transistor packaging bein 
employed in some installations. Methods based on bowl feeding or magazines have bee? 
utilized on a custom basis where very tight control over the dimensions and tolerasaama 
the component was possible. 


41, Integrated Circuits. The DIP is the only integrated circuit being automatically inserted 
throughout the industry. The preparation of the device takes two basic forms: the device 
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packaged loosely in plastic slide sticks or assembled in a unit carrier. The unit carrier is 
then handled either in bulk or out of magazines at the insertion station (Fig. 11.20). Each 
viethod has its advantages, and which one offers the greatest potential labor savings 
Yepends on the needs of the customer. 


INSERTION MACHINE APPROACHES 


.. Single-Component Type ; 
. Manual Positioning. A basic single-component single-board manual-po: 
insertion machine is shown in Fig. 11.21. It involves a work-positioning table that 
provides machine balance and support for the board-holding fixture and crimping or 


Fig. 11.19 Lead-taped transistors ready for high-speed, high-reliability insertion. Inserted 
components are also shown. This technique is recommended, since it is not dependent on body 
configuration or tolerance, 


Fig. 11.20 ‘The machine shown here receives loose DIPs out of a plastic stick, performs a spreading, 
jnightening operation on the leads, and assembles the DIP into a unit carrier fed from the vibratory 
™l. The loaded carrier is then fed into magazines holding 25 each. 
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Fig. 11.21 Single-station machine for inserting a spe 


in ic component into boards which have been 
manually positioned in the locating fixture. 


Fig. 11.22 Single-station manual pantograph board-locating insertion machine, Best economy © 
obtained when several units of a specific component are inserted into a given board in one setup: 
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hing unit, a C-frame assembly, and an insertion head. Use of such a machine should 


cline 
variety of boards, components, and 


enerally be confined to applications involving a 
component locations, usually short-run. Separate tooling or locating devices are employed 
for each board and/or component position. A single type of component is inserted, and the 
poards are processed through such machines as many times as there are components in 
the board. Insertion rates obtainable are of the order of 500 h-'. 

p. Single Board—Pantograph Board Positioning. The machine shown in Fig. 11.22 pro- 
ies for insertion of multiple units of the same component in a given board in a single 


vide 


Fig. 11.23 Pantograph system for insertion of a single type of DIP from azine input. 


Setup. The operator locates the board for insertion by positioning the stylus in the 
template as desired, and insertion is triggered by depressing the stylus. Insertion rates 
obtainable are as high as 5400 h~', depending upon component density and spacing, but 
they are typically of the order of 1500 to 2000 h~. The mechanical cycle time of the 
insertion and clinching mechanism shown is approximately 0.5 s. Beyond that, insertion 
_ depends upon board handling time and the distance between components on the 
board. 
_ The pantograph type of machine is regarded as the general-purpose workhorse of the 
insertion machine family. Its usefulness extends to all of boards, component 
combinations, component positions, and production runs. A significant advantage of this 
type of machine, compared with more complex possibilities, is that it is ragged, reliable, 
and subject to a minimum of downtime. The latter feature is particularly important in 
Comparison with multiple-station machines that can go out of production when a single 
Station is down. Sequenced components also can be inserted, on a limited basis, with the 
€quipment. Semiautomatic depth stop selection for various body diameters and insertion 
‘ads with dual center distances (DCD) can be provided, but they put an additional 
uurden on the operator to keep in sequence and select the mode of insertion for each 
Component. Fig. 11.23 shows a pantograph insertion system for DIP. 
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c. Numerically Controlled Insertion Machines. With the advent of numerical control sys_ 
tems, additional labor savings have been sought through the elimination of full-time 
operators and also the elimination of human error in board positioning prior to insertion 
‘The point at which a numerically controlled machine represents the best approach from 
the cost standpoint is not easy to determine. It depends upon all the variables that affect 
the feasibility of automatic insertion. Use of numerical control is on the increase as the 
reliability of insertion machines and control systems improves. In some cases, two 
machines are being serviced by a single operator. Even when a full-time operator ig 


Fig. 11.24 NC fixed-head insertion machine. 


utilized, rapid traverse of the control system—coupled with almost foolproof board 
positioning—makes the equipment economically practical. Insertion rates up to 4200 h™ 
per machine are being obtained (Fig. 11.24). The additional automatic command available: 
with NC also allows sequenced components to be inserted with complete reliability (Fig 


11.25). 


13. Multiplicity of Types of Components 

a. In-line Machines, When high volume of a specific board involving the same compo 
nents is encountered, an in-line system with a series of individual work stations throu! 
which the board is indexed is often utilized. Shown in Fig. 11.26 is a typical line for 
assembly of TV boards. 

‘The in-line approach is particularly well suited to circuit designs requiring mar 
for component locations. The advantages of such a system include: 

1, Simultaneous insertion in many boards during each machine cycle. 

Servicing of many stations by one operator or a few operators. 
3. Compensation for board irregularities through use of carriers or pallets into or ont® 
which the boards are loaded prior to processing through all stations. 
Disadvantages relate to complete machine downtime due to malfunction of any on 


angles 
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x 


Fig. 11.25 Sequenced components inserted with a fixed-center-distance head, Use of a dual-center- 
distance head would increase the insertion yield by providing more than one component span per 
setup (Universal Instruments Corporation). 


Fig.11.26 Multiple-station in-line insertion machine with boards indexed through successive stations 
1h, nsertion of a wide variety of components. Boards are pallet-located to provide for proper location in 
insertion mechanism with respect to appropriate board holes. 
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station and the tendency toward excessive setup time. Normal machine cycle rates are 
the order of once every 3 s. % 
b. Variable-center-distance Insertion with Sequencing. The latest in the art of axial-leaq 
component insertion, variable-center-distance (VCD) insertion permits components of 
many different types and sizes to be presequenced on tape and then inserted into a give 
board in a single setup. The insertion machine is a completely automatic system providing 


Fig. 11.27 Typical component-sequencing system. 


hoard positioning, nearly 1000 different combinations of center span and wire diameter, 
and the acceptance of a wide range of body diameters. 

A typical sequence system is shown in Fig. 11.27. The machine allows random 
selection up to 160 different inputs for a sequence of components. It is controlled bya 
punched tape, and it provides constant checking for missing components or other outok 
sequence conditions. Typical rate is approximately 15,000 to 20,000 components perhour, 

The output package of a sequencer for use in a VCD insertion system is shown in Fig. 
11.28, Shown in Fig, 11.29 is the VCD insertion system. Table positioning speed is 600 in! 
min. The head and clinch is programmed for insertion span in 0.001-in increments from 
0.300- to 1.300-in centers. The system includes a mini computer control that provides 
management data and also accomplishes the computer control function. Insertion rates 
over 8000 components per hour are obtained. Additional systems can be placed on the 
same computer to provide significant savings when production quantities warrant ail 
equipment “complex.” Complexes can be configured to include other types of insertion 
machines and sequencers to take full advantage of the computer's capabilities. 

¢. Magazine Sequencing. In another approach to the sequencing and insertion of / 
lead components the components (usually ¥4- or 44-W resistors) are loaded into magazineS 
The approach is useful when components are received in card packs, rather than h 
tape, prior to sequencing. The output of the sequencer can be either into magazines OF 
onto lead tape depending on the insertion mechanism used. 

d. Sequencing and Insertion Combination Machines. There are some instances in whieh 
the most economical approach is to tie the sequencing and insertion 
High-production boards with a maximum of 10 different components may be as! 
by machine. Automatic positioning and insertion heads with programmable center SPalt 
also are available. 

The combination sequencer-insertion approach can be used for integrated circuit (DIP) 
board assembly. Since the DIP is a “higher echelon” device as compared with discrete 
components, fewer parts of high cost are usually assembled on any one board. Sequencing 
at the time of insertion is desirable to complete assembly of the board in one setup W 
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different types or circuit configurations are used. Figure 11.30 shows a machine with 48 
DIP stick inputs to provide random selection during insertion. : 

In another machine available for DIP insertion DIPs which have been previously 
Joaded into plastic carriers are randomly sequenced and inserted. The unit-type plastic 
carer is often used when many different body configurations must be handled for 
jnsertion and other operations such as incoming test. 


SUMMARY 
The methods described and types of equipment presented in this chapter are a basic 
guide for those who are considering automatic assembly. There are other combinations 


A 
NOTE 4~ NOTE 1 


COMPONENT COMPONENTS 
FEED BEFORE 
REACHING 
INSERTION 
POINT 


POINT OF 
INSERTION 
SCRAP AS IT 


LEAVES 
INSERTION 


B+W 


Fig. 11.28 Typical component specifications for lead taping prior to machine loading, 


Tape spacing —A 
recommended for 
sequenced 
components 
Note 1 Bodies must be centered within ‘2 in 
Body Length minimum = 0 
maximum = B—0,150 in 
Wire Diameter ¥ minimum = 0.015 in for no. 1 
former tooling; 
0.020 in for no, 2 former tooling 
maximum = 0,032 in for no, 1 
former tooling 
0.037 in for no, 2 former tooling 
minimum = 0.300 in 
maximum = A—0.787 in (but not greater 
than 1.260 in) 
may be either 0.200 in or 0.375 in 
The variations of B (insertion centers) 
with a group of 5 consecutive components 
cannot be greater than 0.400 in ifthe vari- 
ation is from the smallest insertion cen- 
ters to the largest. This one restriction can 
easily be overcome by programming the 
sequence path, 
‘The number which is required to program 
the variable distance of the insertion 
head. The programmed insertion dimen- 
sion must, in all cases, be the sum of the 
insertion center (distance from the center 
line of one formed lead to that of the other 
formed lead) and the lead wire diameter 
(one diameter only). 


Pause VCD insertion system with computer control, A typical assembled board is shown in Fig. 


Fig. 11.90 Sequencer-Inserter combination machine. Input capacity is 48 magazines of DIP stich 


41-22 


Automatic Assembly 11-23 


and types of machines to meet specific requirements. The selection of a total system for a 
hoard assembly project is not an easy matter. All factors must be weighed, and they should 
include component procurement or preparation, inplant handling prior to assembly, and 
the combination of part usage, volume, and mix. Savings realized in soldering and test as a 
result of reliable and accurate assembly should also be considered in making a complete 
fnechanization analysis. Thousands of installations in all types of industry and large and 
I plants have demonstrated the labor-saving advantages of automatic assembly 
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ponents and the epoxy-glass printed board as well. That means that the only 
Betis wey repair a board or pee a component is to bum through the epoxy 
Conformal coatings are systems of synthetic resins that are usually dissolved i a ing with a knife or soldering iron. 
volatile solvent vehicles. The res ree sntid ea yitier eesevial nrvet be used around fredlle:cocopnnariita 
r nt fracturing from shrinkage during the polymerization process. Curing of epoxy 
's environmental stresses. tems can be accomplished either in 1 to 3 h at elevated temperature or in 4 to 7 days at 
thetic resins now available, a selected few types of acrylic Sem temperature, Since epoxies are two-component materials, a short potlife creates an 
polyurethanes, and epoxies have been found to have the best all-around properties Se iioné! limilation in their use. 
are currently being used as the basis for most general-purpose conformal coatings. For ‘The limitations with epoxies are short potlife, elevated temperature cure, poor repaira- 
special applications, however, other resins are used occasionally. For instance, to me 3 -_pility, and the need to use a buffer material around fragile components. 
high-temperature requirements, silicones and polyimides may be indicated; and whe or 
high dielectric properties are needed, polystyrenes are used. 
Basie resins, plus accessory chemicals and solvent vehicles, are blended to 
optimum desired operating characteristics in the cured film. Many variations within 


INTRODUCTION 


4, Silicone Resins Silicone coatings are especially useful for high-temperature service 
{approximately 200°C). The coatings provide high humidity and corrosion. resistance 
along with good thermal endurance, which makes them highly desirable for printed 
resin group are made possible by the addition of chemicals. For instance, plasticizers may circuit assemblies that contain high heat-dissipating components such as power resistors. 
be added for increased flexibility, dyes for identification or inspection, and wetting age Repairability, which is a prime prerequisite in conformal coating, is difficult with 
to improve adhesion to the substrate. silicones. Because silicone resins are not soluble and do not vaporize with the heat of a 
soldering iron, mechanical removal is the only effective way to approach spot repair. That 
}. Acrylic Coatings Acrylics are excellent coating systems from a production standpoint means the cured film must be cut away to remove or rework a component or assembly, In 
because they are relatively easy to apply. Furthermore, applicaton mistakes can be spite of some limitations, silicone coatings fill a real need because they are among the few 
corrected readily, because the cured film can be removed by soaking the printed cireuit rig systems capable of withstanding teraperatures of 200°C. 
assembly in a chlorinated solvent such as trichloroethane or methylene chloride. Spot id 
removal of the coating from isolated areas to replace a component can also be accom 5, Polyimide Coatings Polyimide coating compounds provide high-temperature resistance 
plished easily by saturating a cloth with a chlorinated solvent and gently soaking the are and also excellent humidity and chemical resistance over extended periods of time. Their 
until the cured film is dissolved. superior humidity resistance and thermal range qualities are offset by the need for high- 
Since most acrylic films are formed by solvent evaporation, their application is simple temperature cure (from 1 to 3 h at 200 to 250°C). High cure temperatures limit the use of 
and is easily adaptable to manufacturing processes. Also, they reach optimum physic these coating systems on most printed circuit assemblies. Because the polyimides were 
characte! during cure in minutes instead of houi designed for high-temperature and chemical resistance, chemical removal and bum- 
Acrylic films have desirable electrical and physical properties, and they are fungus Gah: icldexing cannot be succoasful. 
resistant. Further advantages include long potlife which permits a wide choice of applica 
tion procedures; low or no exotherm during cure, which avoids damage to heat-sensitive 6.Dially! Phthalate Coatings Diallyl phthalate (DAP) varnishes also require high-tempers 
components; and no shrinkage during cure. The most obvious disadvantage of the acryl ture cure (approximately 150°C), which limits their use on printed circuit assemblies. 
is poor solvent resistance, especially to chlorinated solvents. Furthermore, their removal with solvents or with a soldering iron is difficult, owing to 
their excellent resistance to chemicals and high temperatures (350°F). 


2. Polyurethane Coatings Polyurethane coatings are available as either single- or 
component systems. They offer excellent humidity and chemical resistance and g 
dielectric properties for extended periods of time. THE PURPOSE OF COATING 
In some instances the chemical resistance property is a major drawback because rewo Printed boards and components are coated with a protective film primarily to avoid, or at 
becomes more costly and difficult. To repair or replace a component, a stripper compo it to minimize, degradation in electrical performance when subjected to environmental 
must be used to remove effectively all traces of the film, Extreme caution must b ses encountered in specific operating conditions. There are no coatings that will 
exercised when the strippers are used, because any residue from the stripper may co totally t the effects of all ambient stresses; most of the stresses are cumulative and will 
metallic surfaces, 4 ultimately overcome the protection afforded by the coating. A coating is considered to 
In addition to the rework problem, possible instability or reversion of the cured film toé Ve served its purpose if it has contained the performance degradation within acceptable 
liquid state under high humidity and temperature other phenomenon which m els for an acceptable period of time. 
be a consideration. However, polyurethane compounds are available to eliminate The most damaging, and usually the most prevalent, environmental stress is generally 
problem. fecognized to be humidity. Excessive humidity will drastically lower insulation resistance 
Although polyurethane coating systems can be soldered through, the end result usually tween conductors, accelerate high-voltage breakdown, lower Q, and corrode 


involves a slightly brownish residue which could affect the aesthetics of the board, Care Conductors. 

in surface preparation is most important, because a minute quantity of moisture on : Contaminants, of which any of a few hundred different types may be found on printed 
substrate could produce severe blistering under humid conditions. Blisters, in turn, lead 's, are equally damaging. They can cause the same electrical degradation as humid- 
to electrical failures and make costly rework mandatory. ¢ + Corrode conductors, and even cause dead shorts. The contaminants most frequently 


Single-component polyurethanes, although fairly easy to apply, require anywhere fi found in electronic systems are various chemicals which may be residues of manufactur- 
3 to 10 days at room temperature to reach optimum properties. Two-component pol} iE processes. A few of them are fluxes, solvents, release agents, metal particles, and 
thanes, on the other hand, provide optimum cure at elevated temperatures within 1 to 3! Marking inks. An important group of contaminants are those inadvertently deposited by 
and usually give working potlifes of 30 min to 3 h. Buman handling, such as body greases, fingerprints, cosmetics, and food stains. Ambient 
Fe ©Perating conditions may also contribute a variety of contaminants such as salt spray, sand 
3. Epoxy Resins Epoxy systems are available, as two-component compounds only, 10% 4nd dust, fuel, acid and other corrosive vapors, and fungi. 

coating electronic systems. Epoxy coatings provide good humidity resistance and hig though the list of possible contaminants is almost endless, it is a consolation to know 
abrasive and chemical resistance. They are virtually impossible to remove chemi 2 #t, in all but the most severe cases, the destructive action can be effectively eliminated 
rework, because any stripper that will attack the coating will also attack epoxy-coatin€ am good conformal coating. 
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Coatings are applied in a film thickness that rarely exceeds 0.005 in. Such a film 
withstand the effects of mechanical shock and vibration as well as of thermal shock 
operations at temperature extremes. However, it is a fallacy that such a light coating ¢ 
be relied upon to provide mechanical strength or adequate thermal insulation for indi 
ual components mounted on the printed board. Components must be anchored 
mechanical means and must have a suitable sealant of their own. 


AP 
8 x 10" 
Resistant 


6 

6 

4 

010 

009 

OL 
“ 
350 
None 
None 


Polyimide 
attack 
Very 
resistant 


SELECTION OF THE COATING 


Selection of a suitable coating is a major task, considering the vast array of avail 
materials. The user without some working knowledge of coatings would be well ad 
to turn for assistance to one of several manufacturers specializing in formulating co 
specifically for dielectrical and electronic applications. The manufacturers’ printed in 
mation is responsive to the needs of the electronics engineer and contains extensive d 
including electrical performance characteristics, from which the engineer can detern 
whether a particular coating meets the requirements. Characteristics of a 
usually be classified into two groups: application characteristics, which deal primarj 
with the physical and chemical characteristics of the liquid coating, and ope: 
characteristics, which define the physical and electrical performance of the cured 
In the selection of the proper type of conformal coating for a specific application 
basic characteristics of the five coating types described previously should be consid 
Furthermore, considering the main environmental stresses anticipated during the 
the electronic assembly, some characteristics could be traded off against others to 
high performance reliability. Tables 12.1 and 12.2 give a comparison of the 
characteristics of various resin groups. 


10" 
34 
4 


Little or none Slow 


Silicone 
2x 10% 
27-31 
2.6-2.7 
0.007-0.001 
0.001-0.002 0.005 
Little or none Resistant 
Attacked by 

some 


Generally 
resistant 


Epoxy 

1010" 
5-5.0 
5-45 
3-4.0 
002-0.010 


250 


3. 

3. 

3. 

0. 

0. 

0. 

45 
Slight to dissolve None 


TABLE 12.1 Coating Selection Chart 
Acrylic Urethane Epoxy Silicone Polyimide 
G 


Urethane 


6 
A 
015-0.048 


043-0.060 
05-0.07 


Slight to dissolve None 


2x 10 


5. 
5. 
4. 
0. 
0, 
0. 


Application 
Removal (chemically) 
Removal (burn through) 
Abrasion resistance 
Mechanical strength 
‘Temperature resistance 
Humidity resistance 
Humidity resistance 
(extended periods) 
Potlife 


[e} 
a 


Attacked by Resists most 


Acrylic 
10" 
a4 
25-35 
29-32 
0.02-0.04 
0.02-0.04 
25-35 
36 
5-9 
250 
None 
None 


Thermal conductivity, 10~ eal/(s) (em*) (°C) 


Optimum cure 
Room-temperature curing 
Elevated-temperature curing 


Property ratings (A~D) are in descending order; A is optimum. 


PP >> BrUNA>e> 
bob Prom mOl 


Seay OBO>>O 


A000 soe 
QO 0 pPre> 


Properties 
ne resistivity, Q - em (50%RH, 23°C) 


7. Application Characteristics 
a, Potlife. Potlife is the length of time during which a coating material can be ust 
before curing sets in. It is an important consideration in planning the coating proc 
and it has an important impact on the economies of coating in large-scale 
Short potlife leads to a substantial waste of materials and to some lack of un 
results owing to rapid buildup in viscosity. An acceptable minimum potlife for 
applications is about 30 min at room temperature. 

Short potlife is common to most two-component coating systems. Single: po 
systems, on the other hand, have a very extended potlife that almost approaches their! 
life. Note that potlife must not be confused with shelf life. The latter is the length of timt 
material can be stored in unopened containers without degradation. 

b. Viscosity. Viscosity, or resistance to flow, must be low enough (less than 200 
permit adequate flowing of the coating over and around components to assure co 
coverage. It is particularly important when a high-density board with many compon 
packed tightly together with low clearances is to be coated. 

Viscosity will determine the thickness of coating per application. A relatively hi 
viscosity is desirable when the coating must cover components with sharp come! 


é 
= 
g 
2 

z 

é 
RF 


mn (power) factor, 60 cycles 


expansion, 10°C. 


Resistance to heat (°F) continuous 


Effect of weak acids 


lectric constant, 10° cycles 


Dielectric constant, 60 cycles 
Dielectric constant, 10° cycles 


TABLE 12.2 Typical Characteristics of Various Coatings Materials 


Effect of weak alkalies 
Effect of organic solvents 


Vol 
D 
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protruding leads from which it tends to roll off. Coating viscosity must be established of those coatings may contain nutrient inorganic additives which, unless neutralized by a 
trial and error to achieve optimum performance for a specific board configuration, Th fungicide, will promote fungus propagation. Acrylic coatings usually contain only nonnu- 
viscosity of any solvent-type coating system can be reduced by the addition of the _ trient organic components, but their resistance to solvents is generally low. 
thinner. . 

¢, Solids Content. The solids content represents the portion of a coating which will cu, 
into a film; it is opposed to the solvent content, which will evaporate. The value hac’ BEEPARASION OF CIRCUIT ASSEMBLIES 


bearing on coating thickness per application, and consequently it has some impact on. 9, Design A major factor in the ability of a coated printed circuit assembly to function 


economics of the coating operation. der severe adverse environmental conditions is the basic circuit design. Assemblies 
Solvent-type coatings are usually supplied with a solids content ranging from 10 to that have sharp corners, sharp pins, or variable components reduce the effectiveness of a 

percent. Solventless systems are, of course, rated as “100 percent solids” coatings, smooth monolithic film, and component density and geometric positioning on the assem- 
d, The Chemical Components. The chemical components of a coating, particularly th, bly also are major factors. The minimal vertical clearances and interface between dual in- 

solvent vehicle, may adversely affect the materials used in some of the components sy line packages, ICs, ete., create coating penetration problems. 

as styrenes, acrylics, some marking inks, and adhesives. ‘The composition of various components and markings, as well as various insulations 
The chemical effects of the selected coating must be ascertained beforehand, and such as Teflon, creates problems of compatibility. When choosing materials and compo- 

components designed into a printed wiring circuit must be chemically compatible wig nents, we must consider whether they possess enough chemical resistance to withstand a 


the coating. 4 variety of cleaning solutions. Too often we choose a type of insulation (TFE, vinyl, etc.) 

e. Ease of Application. If the number of boards to coat is substantial, it is naturally n without anticipating receptiveness for coatings. 
advantageous to use a coating that does not require specialized equipment, skilled lab 
or involved production controls for its application. In this respect, room-temperature c 40.Cleaning The foremost consideration to remember is that coatings seal in as well as 
is preferable to elevated-temperature cure, which requires an oven, and single-con ‘out. With that in mind, the cleaning procedure adopted should ensure an absolutely clean 
nents systems are preferable to two-component coatings, since they do not need mete substrate. Listed below are a few simple steps which will produce a clean substrate and 
and mixing equipment and thus eliminate a frequent source of operator error. reduce the possibility of residual contamination (Aux, fingerprints, grease, plating salts, 

To the greatest extent possible, the coating should be procured at a vi it moisture, release agents, etc.) being entrapped beneath a cured film. These steps should 
the viscosity desired for application, Thus the operations required to be followed after all the visual, physical, and electrical tests have been made: 
coating are minimized or even eliminated. Some consideration should also be g 1, Vapor-degrease (a suitable solvent would be trichloroethane, or Freon,) to remove 
toxicity and flammability of the coating, since those characteristics will often require residual greases and fluxes. 
the material be given special handling. 2. Rinse in deionized or distilled water, ethyl alcohol, or isopropyl alcohol to dis- 

f. Curing Temperature. Room-curing materials usually require up to 24 h to cure fu solve any salts which are not readily soluble in other solvents. 

However, oven-cured materials (mostly two-component systems) may be cured in as lit 3, Oven-bake for 2 h minimum at 150°F to remove any residual traces of solvent and 
as 4 h. Generally, the higher the curing temperature the faster the cure. Although moisture which may still remain on the assembly. After cleaning and baking, the printed 
shortest cure time is desirable to expedite the production process, the curing temper assembly should be handled with rubber or lintless gloves. 

is limited to the operating temperature rating of the board and the components mo 

on it, 11. Storage If the clean assemblies are not to be coated immediately, they should be 
Stored in a desiccator cabinet or in sealed polyethylene bags. If any masking is required, a 
8. Operating Characteristics polyester tape, rather than the conventional pulp-type masking tape, is recommended, 

a, Electrical Properties, One of the principal purposes of the coating applied to a print The polyester tape is less porous and less likely to be attacked by solvents during the 
board is to provide insulation to the otherwise bare printed wiring. The coating, th coating procedure. Another tip which may help in masking is to use either RTV silicone or 
must when cured provide insulation resistance and dielectric strength which & thixotropic latex mask which can be applied to hardware such as the tuning screws of 
design requirements over the entire temperature operating range and under t Potentiometers, After the conformal coating has become tack-free, the tape or RTV can be 
environmental conditions. In certain applications the dielectric constant and loss fi Pulled off. 

(@) any also be significant values which should be considered when the coatiti 
selected, 

b, Thermal Properties. Operating temperature characteristics of plastics vary sub APPLICATION OF COATINGS 
tially, The coating selected must, naturally, have an operating temperature range at There are four major methods for applying conformal coatings: spraying, dipping, brush- 
equal to that of the system in which it is used. Within that range the coating must i ing, and flow coating. Also, there are variations of each method. The order given is 
addition to meeting minimum electrical performance requirements, remain free fron Probably the order of preference, but it is not necessarily the order of efficiency. 
physical degradation such as embrittlement, cracking, or shrinking. A coating chat 
ized by good flexibility will usually resist such physical deterioration. 12.Dipping Dipping is by far the most efficient way to apply a conformal coating, It is the 

Particular attention must be given to the hydrolytic stability of the coating; effective way to insure even deposits of coating and uniform coverage. For best 
conditions of high operating temperature in a high-humidity environment, certain © fesults the temperature of the coating should be kept within the 70 to 90°F range. 
ings may, after a period of exposure, “revert” to a liquid state, ©wever, the most important factor influencing the results of the dip-coating application 

¢. Humidity Resistance. Coatings should have low moisture absorption as well as 10 4S the speed of the substrate's immersion; the coating should be allowed to seep into all 
water vapor permeability. Most coatings marketed for printed board applications h Se voids on the printed circuit assembly. Typical immersion speeds are between 2 and 12 
more than adequate resistance to humidity. Yet, in special applications in which unus ivmin. Slow speed of immersion will allow the coating to displace the air surrounding the 
and extended conditions of humidity are anticipated, the determination of minim fomPonents. Too rapid immersion may result in trapping the air and thereby forming 
insulation resistance under humidity should be a guiding factor. bles. The assembly should be left in the coating until all bubbling has ceased. 

d, Resistance to Chemicals and Fungus. When operating conditions expose the co ae immersion and withdrawal speeds depend, of course, on the size and complexity of 
possible contact with chemicals, salt spray, or fungus, it is naturally necessary to dete assembly. In most cases, they should not exceed 1 fi/min. Those considerations are 
mine the coating’s ability to withstand the destructive effects of such external QPecially important for the first dip. Subsequent dips may be made safely at higher 
Urethanes and epoxies, as a rule, have good chemical resistance. On the other hand, $0 *Peeds, 
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When conformal coatings are applied by dip, the evaporation of solvents may occur at 
such high rates that the viscosity of the bath will increase at a similar rate. In such cases, ; 
is desirable to monitor the viscosity of the coating and, if necessary, add the pro 
thinner to restore the original viscosity. 


i e A a 
jes. To date, chemical removal is not possible; obviously, anything that woul 
eae the Sor film would attack the board and components, also. 
Silicones. Some silicone coatings are soluble in a few select strippers. ae 
Jn the use of any stripper, thorough rinsing is necessary to prevent any residual 
becoming entrapped beneath the recoated area. x nes ee 
18.Brushing Brushing is the least effective application method because of the difficulty oj ‘Most coating materials when applied in thicknesses ol to .0 ad te sere 
getting uniform coverage, controlling bubbling, ete. Itis neither a practical nor an effici through. However, the degree of difficulty of soldering rough a ae a oe pete 
eae ee oaaties atcorinbed chemi cern ioe den the specife resin used, the film thickness, and the aesthetic quality of the 1e 


wea. 


14. Flow Coating Flow coating consists of pouring or flowing the coating as a curtain as 
assembly passes through the coating. The method is especially effective if printed eiman 
assemblies have minimum flat packs, integrated circuits, or cordwood modules, 7 


sTORAGE OF COATING MATERIALS eee 
flammability of liquid coatings is determined by the specific solvents used in the 
15. Spraying Spraying is the most expeditious method for coating assemblies, With Peesilation and the flash points those chemicals have. The flash point is defined as “the 
proper combination of solvent reductions, spray pressures, nozzle pattern, and so “temperature at which the vapors of that solution will ignite an Uae ‘0 ae ee. y 
contents, excellent results are obtainable. Spray-coating is widely employed for potential hazard, we should eliminate all ignition sources. Liquit teers a fh ee e 
all types and sizes of assembly, and both hand and automatic equipment is used. Sp be stored in their originally sealed container away from fire xe open ees iw a Be ue et 
is particularly adaptable for coating uneven surfaces. For spray applicat ion, coatings: ‘a coating is the time a coating may be stored in the origins saps : Ke ners oe 
used as supplied or thinned down to a spraying viscosity. If the viscosity is too temperature without noticeable deterioration of properties. i sus ane o gt ers 
difficulties are encountered in spraying a smooth coat. On the other hand, materials c sensitive to moisture. Whenever possible, they should be stored in the original cor 4 
sprayed at extremely low viscosities if the solvent system is well formulated and dl If the container is partially filled, it should be purged with dry nitrogen. 
pressure and gun settings are adjusted properly. 

Regardless of which technique is used, the coating assembly should be allowed to’ CAUTIONS 
and air-dry. Turning the unit from time to time during the drying period prevents BAFETY PR ' : ’ Groeten 
of the coating and speeds up evaporation of solvents. If very sharp edges or asperities exi Whenever conformal coatings are applied, the following precautions should be observed: 
on one side of the board, especially where the leads protrude through the solder sid 1. Do not inhale vapors from the coating. Use a ventilated hood. 
the board, it sometimes helps if, during the draining process, the board is held in 2, Provide adequate ventilation and exhausting, 
horizontal position with pins facing down, That allows “stalactites” to form on the tip 3. Avoid contact, especially of lips and eyes, with liquid coating, aan 
the sharp edges. It may be necessary to repeat the process two or three times in o 4, Use protective clothing, respirators, and goggles if exposure to vero tere A 
produce enough coating to cover the protrusions. Figure 12.1 further explains the n Request a material safety data sheet to establish safety vapor threshold limits anc 
multiple coats, handling procedures. 


WET COAT 


DRY COAT 2 DRY COATS 3 DRY COATS 


(a) (b) (ec) (a) 
Fig. 12.1 An example of the need for multiple coats. 


INSPECTION 


After a printed circuit assembly has been coated, visual inspection is necessary. TI 
becomes evident when one realizes that a void or bubble provides a path for moi 
penetrate to the substrate and defeat the original intent of the coating. 

Inspection, usually under magnification, is simplified if the coating contains a 
cent tracer. When a coated assembly is viewed under ultraviolent light, the 
coated will produce a darkened or shadowed blot. 


REPAIR OF COATINGS 


An obvious prime consideration in the selection of a conformal coating is the deg 
difficulty of removal if repairs should be necessary. 
Acrylics. Their thermoplastic film-formers usually can be removed by most chlo 
nated solvents. 
Urethanes. Most single- and two-components urethane materials may be removed B 
certain strippers. The strippers selectively dissolve the urethanes rather than de 
tively decompose them. 
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INTRODUCTION 


Printed boards, characterized by a serial processing sequence, arrive at their finished state 
only after the expenditure of a considerable amount of time and money. It is understan 
able, then, why it is easy to justify repair and/or correction of defects which may oc; 
during later stages of manufacture or assembly. In most cases it is cost-effective to perfo 
the rework; and when many expensive components are used, it is essential. 

The rationale behind rework and repair of the board must be that the operation will 
degrade the mociaaicel Siertacal, or piviea properties of the printed wiring assemb ‘or the 
In all cases the repaired article must meet the original, or design, requirements of the with a bristk sh or the wood end of a wedge- 
finished product. Techniques for repairing the conditions illustrated in this chapter hare a ee ee - 
Droved, through test or Rinctionality, fo be acceptable fox normal applications: etc is setpoied cia and dy. 
baie oe oe should, however, dictate reliability and quality standards for th |{ Abrade the exposed solder connections, if present, and brush away the residue. 
repaired article. , Pe ermal Parting Method. Thermal parting uses a controlled, low-temperature, local- 

The design of a printed board should allow for change ifa need for repair is anticipate Bi fesing method for removing thidk coatings by an overcuring or sonenine means. 
In all instances, technique and function criteria for the operation should be subject 0 though Mil-approved coatings are now in the range from 0.001 to 0.003 in, the method is 
engineering approval. In many cases it may be necessary to guarantee the reliability of ti o useful for removing urethane resin strapping and adhesive component hold-downs. 


repair step by the use of a rudimentary performance test. The justification for repai ae Doutuise Lasts as i me BL ieee ee 
should be flexible enough to consider the alternate solution: replacement of the par Co Mimiieacs 


Indeed, the economics of time, labor, material, and repair limitations, as well as custo BE srvcedure is as follow 


preference, must be weighed against outright replacement. 1, Select an appropriate thermal parting tip to suit the workpiece configuration. Set 
It is essential that users of these guidelines pay particular attention to the folloy nominal tip temperature by following the manufacturer's recommended procedure. 


when considering a repair procedure. Beyvith vc lghe ae anes : ‘ 
4 “ 1 r pressure, apply the thermal parting tip to the coating. The coating 
1. No cumulative conditions warranting repairs are presented here; the condition terial will either soften (epoxy) or granulate (polyurethane). 


are indicated as singular variances. Note that they are intentionally depicted as isolated. 3. Gradually reduce the coating thickness around the area to be repaired without 
2. Repairs promoted should be made only by personnel specifically trained and, ontacting the board surface, Low-pressure air or a bristle brush should be used to remove 
possible, certified in rework and repair techniques. ite materia 
eS The manufacturer and user must be in accord concerning repair criteria 4. Remove the remaining coating material by a combination of the thermal parting 
limitations. 4 : F ethod and the abrasive method, below. 
4. Repair can never compensate for good quality standards, process control, Abrasive Method, This method is often used in conjunction with the solvent and 
manufacturing techniques. " Pie f parting methods after the coating has been softened. Rubberized abrasives of the 
5, Publication of these repair procedures does not signify approval per se; r grade and grit are ideally suited for removing thin hard coatings from flat surfaces 
procedures are only suggested as possible approaches. The approval of the respons ut not softer coatings, which would cause the abrasive to load with coating and 
project engineer of the contracting organization should be obtained before ecome ineffective. A wide variety of tools may be employed, including twist drills, ball 
initiated. Acceptance of a repaired printed wiring assembly can be granted only afte uills, and rotary brushes, to suit the various coating types and configurations. 
successful completion of functional tests under prescribed environmental conditions. EThe procedure is as follow: 


1. Apply an appropriate rotating abrasive tool to the coating with various degrees of 
ure to test the rates of coating removal. Use coarse abrasive first and change to a finer 
ive or bristle brush to clean up the area. 

2. When all coating has been removed from the desired surface, the area should be 


esh solvent until the area is free of coating. When solvents are used, rapid solvent dry-off 
through forced evaporation, as well as neutralization if required, should be utilized. 

‘CAUTION: If chloride-based or other harsh solvents are utilized, extreme care must be 
‘exercised to prevent damage to the component part and base laminates (e.g., measling). 

sivents of the chloride type should be used on a short-term basis only. 

procedure is as follows r 4 : 
1. Saturate the end of a cotton-tipped applicator with the stripping solution and apply 

small amount of the material to the coating around the soldered connections of the part 

athe area to be repaired. Repeat until the coating is softened. 


PREPARATION FOR REWORK 
In addition to the assembly of suitable tools for repair and the designation of a 


repair work station, the printed board must be prepared for the rework operations | with an appropriate solvent to remove any remaining contaminants. 

are planned for it, One of the most important operations is the removal ORCA ‘This method is primarily suited to the circuit, or solder, side of the board, which 
coating from the assembly. If the boards are unassembled, that is, of course, no prob i ly accessible. On the component side of the board use either the thermal parting or 
but for the majority of military contracts and for federal agency and commercial wot Eee 

some type of moisture- and fungus-proof (MFP) coating is specified on the assemb “ 


following the assembly soldering operation? The need to remove al the conforr CONDUCTORS! 
coating from the connections or area to be reworked exists because the coating creat a . Ms a 

~ ri pests ‘ joi dered. ged, Defective, or Missing Conductors As indicated in Fig. 13.1, a fault in this 
gies aie iio ee eal nial solder icine end bere ae Satezory may consist of (1) a complete break in the conductor, (2) scratches, (3) nicks, or (4) 
SESS caD NRL ol ae ll! Mpieec labs eet Seat FE Bholes, all of which may reduce the cross-sectional area of the conductor below that 
removal of the MFP from the work area is necessary, but in some instances it may be ™ uired by the specification. 
efficient to remove all of the coating, by solvent means, on a production basis. a nOTE: The limitations are that rework should be limited to two repairs per conductor 


é as venues ; 1 ; 

4. Conformal Coating Removal’ ‘There are three recommended coating removal m Becustomee ee chee | pebbonid or a8 oe Peer uae cement 

Ce oiveGhs (2) iste petting: soa (6) abrasion, Tha specie removal ©w. Conductor widths ‘and spacings must not be reduced below the allowable 

employed is based on the generic type of coating used, the specific condition 0 rice. 

coating, the nature of the parts, and the nature of the board. These methods are co a 

briefly below. 
a. Solvent Method. Mild solvents, such as xylene and trichloroethane or the eat 

or harsh solvents, such as methylene chloride, may be used to remove specific solUP 

coatings on a spot basis by brushing or swabbing the local area a number of times 


Recommended Procedures for Repairing Damaged Conductors 


a polderea Bus Wire Method. (See Fig. 13.2.) 
~ Clean area to be repaired of conformal coating if necessary. Clean both sides of the 
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break in the conductor at least % in on each side with a rubber eraser and then 
isopropyl alcohol. 


2, Cuta piece of solid tinned copper wire of applicable gauge and a minimum 
longer than the break. “a 


; 3. Hold wire on centerline of conductor across the break; apply flux; and sold 
place. 

4, Clean flux residue from joint with isopropyl alcohol. 

5. (Optional) Flow a small amount of epoxy cement over the entire area and allo 
proper cure. 

b. Jumper Wire Method. (See Fig. 13.3.) 

1, Select component leads, unused through holes, or terminals if available, and el 
area to remove conformal coating if present. Clean with isopropyl alcohol. With sol 
iron, clean excess solder off lead. Either side of board may be used. 

2. Cut a piece of solid tinned copper wire of applicable gauge and wrap each 
around terminals or in the hole to be connected. J 

3. Flux connections and solder in place. 


) NICK 
(a) COMPLETE i 
BREAK. 


SS 


(b) 
SCRATCHES 


(d) PINHOLES 


THICKNESS 
Fig. 13.1 Types of conductor damage.' 


4, Clean flux residue from the joint with isopropyl alcohol. 

5. Whenever possible, connect wires to a point where soldering an adjacent 
nent will not cause the wire to become unsoldered. 

6, Jumpers over 2 in long should be covered with Teflon* sleeving and be 
secured to the board, 


¢. Copper Foil Method 

1. Peel off any damaged circuitry by using a surgical knife; remove confo 
coating if necessary; and roughen the board surface under the removed circuitry by. 
a suitable abrader. 

2. Clean board surface with isopropyl alcohol and a lint-free industrial e 

3. Cuta piece of adhesive film (epoxy bonding material) to the size and shape 0 

ing circuitry. 

4. Prepare a piece of copper foil of suitable gauge to conform to the size and sl 
of the missing circuitry. Allowing for % in overlap onto the existing circuitry. The 
conductor should be centered over the original conductor and be formed to the 
unless the conductor break is small. In the latter case, delete the adhesive applie 
step. 

5. Prepare copper surfaces for soldering by abrading the overlapping ends. 

6, Clean a piece of replacement circuitry with isopropyl alcohol and put a piee 
cut film adhesive in place on the roughened board surface. q 

7. Put the piece of cut replacement circuitry over the film adhesive with the 
side of the copper against the film adhesive. Tack the circuitry in place with a sold 
iron. 


" §, After tacking, fasten foil in place by slowly drawing the flat side of the 
*Registered trademark E. I. du Pont de Nemours & Company. 
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jron across the repaired circuitry from the center to the ends while exerting a slight 


pressure. 
9. Flux and solder-reflow lapped ends to the original circuitry. 
10. Clean flux residue from joints with isopropyl alcohol and reapply suitable confor- 
‘mal coating if required. _ 
‘d. Gap Welding Method. Prior to using this method, certain precautions should be 


mn: 
1. Welding equipment should have electrodes cleaned, aligned, and set for proper 
thickness. 

2. Perform test runs on samples having conductor paths representative of the conduc- 

tor size, finish, contour, etc. to be repaired. Observe weld quality of strip and laminate for 
ce, alignment, discoloration, and fusion. 

3, Perform tensile tests and microsectioning as required, and readjust weld schedule 

if necessary. Repeat the sequence until acceptable results have been achieved. 
‘The procedure is as follow: 

1, Cut ribbon wire to size. Material may be either nickel (gold-plated) or Kovar. The 
current-carrying capacity of the ribbon wire is to be equal to or greater than that of the 
severed copper conductor, 


SOLDER 22-0R 24-GAUGE 


1/8 1/8 SOLID TINNED WIRE 
MIN, MIN. (SOLDERED) 
CEMENT 


LAMINATED DAMAGED CONDUCTOR 
BOARD. (OPEN) 


Fig. 13.2 Conductor repair, soldered bus wire method.! 


2. Thoroughly clean the ribbon wire, conductor line, and base laminate around the 


‘tepair area with an abrader and isopropyl alcohol. 


3. Place ribbon over the centerline of the conductor and perform weld per schedule 


based on accepted test sample. 


4. Clean with isopropyl alcohol and inspect the weld quality and alignment. 
5. Coat with epoxy or conformal coating if required. 


“4. Lifted Conductors This condition, as depicted in Figs, 13.4 and 13.5, occurs when a 


Portion of the conductor separates from the substrate but remains unbroken. 


DAMAGED 
CONDUCTOR COMPONENT 
COMPONENT (OPEN) 


Sd] 
LA LI. 


LAMINATED i 
BOARD 


USE 22-OR 24-GAUGE SOLID TINNED WIRE 

FOR JUMPERS LESS THAN 2 IN. ATTACH AND 
USE TEFLON SLEEVE, IF REQUIRED,FOR SOLDER 
INSULATION. 


Fig. 13.3 Conductor repair, jumper wire method.’ 


13-6 Assembly 


NOTE: The following limitations apply: repaired length of the lifted conductor 
not exceed one-half the length of the conductor between two terminal areas. The 
mum number of repairs per assembly should be subject to individual requirements 
customer approval. Industry practice never exceeds 5 percent of the number. 
conductors. 


5. Recommended Procedures for Repairing Lifted Conductors 


a, Epoxy-under-conductor Method 

1. Clean the underside of the lifted conductor and surrounding area with 
alcohol after the conformal coating has been removed, 

2, Remove, with suitable tools, anything which may prevent the lifted 
from making intimate contact with the surface of the substrate. 

3. Force epoxy under the entire length of the lifted conductor. 

4, Press conductor into contact with the substrate and hold until set. Cure in air 
bake in accordance with the material supplier’s instructions. Units which have b 
repaired should not be handled until the epoxy has cured, 

b. Epoxy-over-conductor Method. This technique is similar to the preceding one; 
used when component density does not permit manipulation of the conductor to 
epoxy under the trace. Also, it is very import: 
remove any conformal coating from the b 
before starting the operatior 
1. The cleaning method is identical with step | 


the epoxy-under-conductor method. 
2. Apply epoxy to the surface of the lifted co 
a tor and to a distance of at least % in all direct 


Uten _‘ftom the damaged area. 
eee oR 3: Cure inairorbake in accordance with thems 
rial supplier's instructions. 
Fig. 13.4 Lifted conductor, between “4.” Repaired units should not be handled unti 
terminals, 
epoxy has cured. 


6. Shorts and Spurs (Excess conductive material; see Fig. 13.6.) One of the most b 
all rework procedures consists of removing foil material. Most often it is carried 0 
preserve spacing between conductors, which in extreme cases may have resulte 
short. Rework of this type is especially important on internal layers of multilayer 
where the presence of a short can have disastrous results after the board has b 
laminated and the processing has been completed. 
The procedure is as follows: 
1. By using a suitable point on a razor knife, carefully cut the foil and separe 
eee material from the body of the conductor. Take care not to cut into the b 
minate. 
2, By using a chisel-point knife, skive up the conductor from the base material, 
3. Scrape the area under the removed conductor and inspect it to make t 
there are no conductor traces. Apply epoxy material or conformal coating if speci “\ 
in the case of internal layers.) 


LIFTED CONDUCTOR 


Fig. 13.5 Lifted conductor." 
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7, Removal of Conductors In some cases, design changes in an assembled board may 
fecessitate rerouting of conductive paths. If so, the conductor must be removed at 
designated points. 

‘NOTE: Not more than five conductor portions may be removed per board. (Shorts and 


TERMINALS 


Tenninals are important because they are the points of component attachment or inter- 
connection to the printed wiring pattern. For that reason, contact tabs are included in this 
category as input-output points. They share in functional importance with other board 
terminals. 


SHORT COPPER CIRCUIT LINE 


| 
VIII LDTTTTTTA, 
Ne ee ey 


(a) (b) 
Fig. 13.6 Excess conductive materials, (2) Spur and short, and (b) under-etched area. 


8. Lifted, Dama: ‘or Missing Terminal Areas! (See Fig. 13.7.) Defects in this category 
consist of terminal areas which have become separated, loosened, or lifted or which for 
some reason have become unbonded from the base material. Included are terminal areas 
damaged by some means in excess of established limits (Figs. 13.8 and 13.9) and those 
ing or were inadvertently removed during the manufacturing process. 
he limitations are as follows: 
‘© repairs on bare (or unassembled) boards should be made without customer 


b, The spacing between conductors must not be reduced to less than the minimum 
specified in the original or governing specifications. 

c. Repairs are made if the lifting or separation exceeds the established limits during 
inspection. The unshaded areas in Figs. 13.8 and 13.9 represent the terminal areas and/or 

areas to be inspected. In those areas (other than noted), the 0,0015-in feeler gauge 
an penetrate a distance equal or no more than one-half the distance from the interface of 
the hole to the nearest edge of the terminal area (annular ring) for not more than 180° of 
‘the periphery. When feeler gauge penetration does not exceed the limits described above, 
the terminal area is acceptable and is not considered as lifted. If, however, the feeler 


PRINTED WIRING CONDUCTOR 


LIFTED TERMINAL AREA 


ADHESIVE 


BASE LAMINATE 
Fig. 13.7 Lifted terminal area.’ 
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gauge penetration is greater than described above or the defect can be dete 
visually, repair may be made in accordance with procedures and conditions listed bel 
The repair procedure for partially lifted terminal areas is as follows: 

1, Free immediate area of solder by using a vacuum-type solder remover. 

2. Gently but firmly clean the areas to be repaired by brushing with clean 
alcohol. Air-dry for 5 min; then oven-dry for 30 min at 60°C. 

3, Prepare adhesive. One recommended material is 10.0 g of Epon 828 
thoroughly with 15.0 g of Versamid 140. Deaenite by centrifuging for 2 min. 


oA 


Fig. 13.8 Terminal area configurations; maximum feeler gauge penetration of 4x applies, 


4, Apply adhesive immediately after removing the board from the oven; ca 
flow it under and around the lifted pad with a camel’s hair brush, syringe, or other suits 
applicator. Press the terminal down with the applicator or clamp until adhesive is set, _ 

CAUTION: Solder side of terminal area must be free i epoy 

5, Examine the board under ultraviolet light, The adhesive glows and should be se 
to surround the reworked pad or trace. 

6. Cure in 60°C oven for a minimum of 3 h. The surface buildup of adhesive sh 
be smooth and neat in appearance. 

The repair procedure for lifted terminal areas around bare holes is as follows: 

1, Free immediate area of solder by using a vacuum-type solder remover. 

2. Lift up the separated area without bending and clean all dirt, flux, residue, 
foreign matter from under and around the terminal area by brushing with i: 
alcohol. Air-dry for 5 min; then oven-dry for 30 min at 60°C. 

3. Apply adhesive per steps 3 to 6 for partially lifted terminal area. 4 

a. If the surface under the lifted terminal area is smooth and free of pits, iN 
film (Permacel P-18) may be used instead of liquid adhesive. Cut adhesive film to 
exact circuit dimensions and place in position. 

b. Adhere the loose area by applying the flat side of a clean soldering i 
approximately 5 s, 

4, Clean the repaired areas with isopropyl alcohol or an approved solvent. 


5. Install a fused or funnel eyelet of sufficient size to receive the component leat 


Eyelet OD should be within 0.010 in of hole ID. The ID of the eyelet should not be a tis 


ACCEPTED LIMIT FOR ACCEPTED LIMIT. 
FOR FEELER GAUGE FOR FEELER GAUG 


NOT MORE THAN 
1/2 THE DIAM. OF 
THE TERMINAL, 
AREA 


Fig. 13.9 Limits for terminal area repair." 
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fit. For a lifted terminal area which has a flat side to facilitate circuitry spacing, the eyelet 
‘may be clipped by using a diagonal cutter to conform to the shape of the original pad. In 
‘no case Shall the eyelet be clipped within 0.005 in of the OD of the eyelet. All other 
‘edures outlined in this section apply here. 
rc repaic procedure for ified serntinal arene which have been eeparatel or otherwise 
broken away from the associated circuitry (Fig. 13.10) is as follows: 
1. Remove defective terminal area, if any; clean board surface with an applicator 
which has been saturated in isopropyl alcohol or other approved solvent; and allow the 
to dry. 
sro a ratiy shaved section good careate Goma hesan ecard Goueee 
tinned copper foil of equal or greater thickness to replace the damaged or broken terminal 
‘grea or pad. A minimum overlap with the connecting circuit conductor of 0.125 in excess 
should be allowed for the solder lap joint. The overlapping area of terminal area segment 
and board circuitry should be completely cleaned of contamination by using an electric 
erasing machine or an ink eraser. Clean the area, after buffing it, with isopropyl alcohol or 
other approved solvent. 


VIEW OF UNDERSIDE TOP VIEW 


“AREA CLEANED OF 
EPOXY AND CONTAMINATION 
SOLDER 


ee 


b+ 0251 MIN. 


Fig. 13.10 Lifted and separated terminal area. 


3. Solder the newly prepared terminal area segment to the existing circuit. Take care 
to match the terminal area with the hole. 
4. Cement the replaced terminal area segment to the board per steps 2 to 4 for 
Tepairing lifted terminal areas around bare holes. 
panel a fused or funnel eyelet (see step 5 for repairing lifted terminal areas around 
les. 
The repair procedure for a lifted terminal area is as follows: 
1. Free the immediate area of solder by using a vacuum-type solder remover. 
2. Lift separated area without bending and clean all dirt, flux residue, and foreign 
Matter from under and around the pad with isopropyl alcohol or other approved solvent. 
3. Insert Epon 828 or an approved epoxy resin under the copper with a camel’s hair 
ish, syringe, or other suitable applicator. Make sure that the resin does not contaminate 
solder surface of the terminal area. 
Nore: adhesive film method per step 3 for repairing lifted terminal areas around bare 
holes may be used. 
4. After adhering and curing, check repaired areas for adequate adhesion. 
5. Clean the repaired area with alcohol or other approved solvent, 
6. Install a fused or funnel eyelet (see step 5 for repairing lifted terminal areas around 
bare holes). 
as repair procedure for lifted terminal areas which are not connected to circuitry (via 
holes) is as follows: 
1. Remove defective terminal area, if any, and clean board surface around the hole 


With isopropyl alcohol or other approved solvent. 


Conte 


ORIOV EEE EN i's REN AIT E 


\ 


ee 
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2. Leave hole and board bare unless a mechanical solder joint is required. 
3. Ifa mechanical solder joint is required, install a flat flange eyelet in the hole, (See 
step 5 for repairing terminal areas around bare holes.) 


9. Damaged or Defective Contact Tabs Although this type of defect commonly involves 
pitted, peeled, or delaminated gold plating, only badly worn, missing, or damaged contact 
tabs will be discussed. (See Fig 13.11.) Gold plating is normally repaired on unassembled. 
boards by completely replating the board and 6n assembled boards selective, or 
brush-plating, procedure. Information on the latter method is best obtained from the 
manufacturer of the equipment. 7 
NOTE: The following limitations apply. The number of repairs of this type per bo 


should be determined by the specific requirements of the procuring agency and/oy 


customer. Industry practice never exceeds 5 percent of the contacts per board, 
should not be performed if there is serious damage to the underlying base laminate. 


Fig. 13.11 Damaged (wom) contact tabs." 


‘The procedure is as follows:* 

1, Peel off the defective contact tab by using a razor knife and clean and roughen th 
board surface by using a suitable abrasive. 

2. Brush with 50 percent isopropyl alcohol in naphtha and dry with a lint-free tis 

3. Select a similar contact tab from a serap board; remove it; and cut it to a length 
least 4h6 in longer than the defective removed tab. 

4, Prepare the new tab by abrading its back surface with a glas: 
equivalent and tinning the end. 

5. Tin the end of the etched conductor on the board. 

6. Flux ends and reflow lap solder in place with a minimum overlap of is it. 

7. Remove flux residue and clean areas to be adhesive-bonded with 50 percent 
isopropyl! alcohol in naphtha. 

8. Use masking tape to protect the neighboring contact tabs as well as the tabs ont 
opposite side of the board. 

9. Coat the back of the tab with a thin film of epoxy adhesive and position the tab 
Clamp the tab firmly in place until the epoxy is cured; use a slight, uniform, and const 
pressure. 


-fiber eraser ¢ 


10. Missing Holes of Terminals Holes may be drilled in boards which have missit® 
mounting holes or terminals or to interrupt internal layers or route added wires. 

NOTE: The following limitations apply. Added terminals or holes drilled for any re 
should not exceed eight per board. With the exception of drilling out holes in multila} 
boards to break connections, no internal conductive layers should be pierced. 

The procedure is as follows: d 

1. Drill the proper hole in the board according to the detail drawing. In the cas® 
ing terminal, install a terminal. 
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2. For interrupting internal conductive circuits, or for routing wires through holes, an 
oversized hole should be drilled and then filled with epoxy as follow 

a, Clean area to be filled with a stiff bristle brush dampened in perchloroethylene 
and then rinse with isopropyl alcohol. 

b. Mask and/or plug adjacent holes to prevent their filling, and take care to keep the 
rework area localized. 

c. Select the proper bonding materials (resin and catalyst) and mix as recommended 
py the material supplier. Mix in Fiberglas No. 128 and stir until all the fibers are wetted, 

~ d. Fill hole and cure as recommended. Abrade flush. Small plates coated with 

release agent may be clamped on the filled area to minimize the amount of abrading 
required to flush, 

e. Redrill the hole, if necessary, per the applicable drawing. 


COMPONENT REPLACEMENT 


Printed boards are basically used as interconnection media for increasingly more sophisti- 
cated and expensive electronic assemblies. Microelectronic devices are used; they are 
contained in a wide variety of package styles including flat packs, dual in-line packages, 
and a number of can-, or TO-, type configurations. When a device on such an assembly 
fails, it is most often cost-effective to remove the device and replace it with another and 
thereby age the cost of the assembly. When a device does fail and is replaced, it is of 
primary importance not to damage the board and adjacent dev: and of secondary 
importance to remove the device on good condition. Valuable information regarding the 
manufacture and application of the device may be gained by examining the failure modes 
and mechanisms of an essentially intact “failed” device. It is therefore necessary to have 
procedures for removing devices in an expedient manner and without mechanical or 
damage to the printed board, the adjacent devices, or, if possible, the removed 
itself. 


11. Defective Components _In this catego: 
be replaced, including all axial-lead tyy 
multiple conductors with fixed lead: 

Ne The number of repairs of this type per board is determined by the specific 
requirements of the procuring agency and/or customer. Extreme care is required to avoid 
damage to the circuitry, base laminate, or other components. Reasons for damage could be 
excessive heat application, improper or sloppy use of tools, inadequate training of the 
operator, or rough handling of the printed board.* Heat damage may occur when an iron is 
held on a terminal too long. A guideline for soldering iron application is this: No more 
than THREE SECO for a terminal connected to circuit traces; no more than six 
SECONDs for a terminal connected to a ground plane.* The use of heater blocks, such as 
those illustrated in Fig. 13.12 for multiple-lead components in plated-through hole joints, 
is not recommended. It has not proved feasible to heat multiple leads uniformly; joints are 
either over- or underheated, and the result is either plated-through-hole damage or pad 
delamination and/or blistering.” 


falls the removal of components which need to 
's, as well as device body styles incorporating 


12. Axial, Radial, and Multiple-Lead Components 
4. Through-Hole Procedure! 


1. Identify component to be removed and note polari 
2. Remove strapping material, if necessary, as follow 
a. Use a thermal parting tool to remove large accumy 
Hot to cut into the board or discolor the board with heat. 
b. ‘Thin applications of remaining material may be carefully removed by methods 
ied previously under conformal coating removal methods. 
3. Remove conformal coating, if applied, as outlined previously. 
4. Component can be removed by applying one of the following techniques 
a. Apply heat and remove excess solder by one of the methods outlined below 
‘er joint removal methods). 


Take care 


Outlir 


(sold 
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b. If leads are clinched, apply heat, remove solder as above, and straighten and 
remove lead. 
; es Cut component leads, apply heat, and remove solder as outlined below. Remoye 
the lead. 
5. After a component has been removed and the terminal area has cooled, melt 


Fig. 13.12 Not recommended use of heater blocks for multiple-lead’ components in plated-th 
hole joints. 


ces pscldee and remove it with an extractor as outlined below under solder joint 
methods. 

6. Inspect hole thoroughly for damage before attempting to replace 
components. 

7. Form the leads of the replacement component and trim them to size. 

8. Mount the component on the board. Note the polarity. 

9. Solder leads in such a fashion as to avoid any undesirable heat buildup, 
cially on multiple-lead components. Allow cooling time when necessary. 

10. Clean flux residue from joint with cotton-tipped applicator and isopropyl a 
when necessary. 

11. Perform the electrical and/or functional tests. P 

12, Restrap the component by using a tie-down, an approved adhesive, or both # 
required. 

13. Conformal coat if necessary. 

b, Surface-Soldered Components Procedure 

1, Identify component to be removed and note polarity. 

2. Remove conformal coating, if applied, as noted previously. 

3. Cut each lead of a faulty component so that the remaining lead is perpendicular 
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the board surface and slightly above the solder connection. If the component is to be 
salvaged, reflow each joint individually and lift the lead with a hook or tweezer. 

4. Surface solder connections may be removed by one of the methods outlined 
pelow. Ifthe board is double-sided, remove the solder joint on each side of the board as if 
the sides were two separate joints. 

5. When all the leads are free, it may be necessary to debond the component body 
from the board by means ofa razor knife or the thermal parting method already described. 

6. Remove the solder remaining on the lead areas by means of the wicking or the 
vacuum extraction method (below). 

7. Now resolder replacement components in place by using standard reflow solder- 


ing techniques. 


SOLDERING IRON TIP 


BRAID 


TERMINAL 
AREA (PAD) 


COMPONENT LEAD 


Fig. 13.13 Solder removal by the wicking technique." 


18, Solder Joint Removal Methods"® 

@, Wicking. This method incorporates stranded copper wire or braiding saturated with 
flux and then applied between the solder and a heated soldering iron tip. The combina- 
tion of heat, molten solder, and air spaces in the wick creates a capillary action which 
causes the solder to be drawn into the wick. 

The wicking method should be used only to remove surface joints such as those found 
on single- and double-sided boards (not with plated-through holes) or to remoye excessive 
solder from any flat surface. Figure 13.13 illustrates satisfactory application of the wicking 
technique. Always be sure to saturate the brading with liquid rosin flux and use anew end 
of fluxed braid each time. The previously used portion into which solder has already been 
Wicked should be cut off. 

5. Solder Sucker. The solder sucker usually employs a single-pulse vacuum-generating 

ice utilizing either a squeeze bulb or a plunger mechanism with a Teflon orifice 
through which the vacuum is applied. The technique is to melt the solder joint with a 
Soldering iron and insert the solder sucker tip with collapsed bulb or cocked plunger into 
the molten solder and then release the bulb or plunger (Fig. 13.14). The action creates a 
Pulse of limited vacuum (level and flow) which removes the molten solder. Althouga tne 
Method offers a positive vacuum rather than the low capillary force of the wicking method, 
it has inherent limitations in its general application and is specifically used with plated- 
through-hole terminations. 

Because of the resweat problem in plated-through-hole joint configurations, the solder 
Sucker should be limited to use on single-sided or surface solder joints to which both the 
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iron and the sucker tip can be applied simultaneoush: 
recommended for plated-through-hole solder joints. 

c. Solder Extraction. The latest and most effective method for solder joint removal is 
solder extraction. It comprises controlled combinations of heat, pressure, vacuum, airflow, 
and manipulative qualities for the removal of any solder joint configuration. The solder 


ly. The method is not generally 


Fig. 13.14 Solder removal by solder sucker technique." 


extraction device is a coaxial, in-line instrument with the general configuration of a small_ 

soldering iron. It consists of a hollow tip, heating element, transfer tube, and chamb 

located within the handle in which the waste solder and clipped leads are collected. 

operated by a power source that provides controlled vacuum or pressure and 
vical supply (Fig, 13.15). 

The advantage of the solder extraction device is that it is easily manipulated and 
controllable and provides two basic modes of operation: (1) heat and vacuum and (2) he 
and pressure (Fig. 13.16), The power source provides variable control over pressure a 
vacuum levels and flow rates, as well as temperature control over the heated tubular 

Power combinations and controls are a! 

able as required. 
In the vacuum mode the heated tip 
applied to the solder joint; and when ame 
is noted, the vacuum is activated. Th 
causes the solder to be withdrawn from th 
joint and deposited in the chamber. 
overcome the critical problem of the 
resweating to the sidewalls of a pl 
through-hole type joint, the lead is 
lated with the tip while the vacuum 
being applied. That permits cool air to flo 
into and around the lead and the hole sid 
walls which causes the lead and sidew 
to cool down and prevent resweat. Sold 
extraction with continuous vacuum is 
only consistent method for overcoming tht 
resweat problem for either dual- or mult 
ple-lead devices terminating in throug! 
hole solder joints. Therefore, it is 
Fig. 13.15 Solder removal by solder extrac method recommended for removin” 
tion.” through-hole solder joints (Fig. 13-164)- 


Assembly Repair 13-15 


In the pressure mode the tip can apply heat to a pin for melting a back-side sweat joint 
without contacting the delicate pad, and the air pressure is forced down the hole to break 
up the sweat joint (Fig. 13-16b). 


pLATED-THROUGH HOLES 
Plated-through holes, by the nature of their construction, are subject to damage or 
destruction for a number of normal-use, as well as normal-misuse, reasons, If the plated 
Sparrel” of copper is damaged, so that the electrical continuity it is designed to provide is 


(a) (b) 
Fig. 13.16 Solder extraction methods: (a) Pressure mode, and (b) vacuum mode, 
interrupted, either it must be répaired or the assembly must be replaced. The repair of 


plated-through holes is restricted to double-sided interfacial connections only; to date 
there is no reliable method for repairing multiple-layer plated-through holes. 


14. Damaged Plated-through Hole NOTE: The following limitations apply. 
a. Restricted to interfacial connections only; not for component-mounting holes, 
b. For assembled boards only. 
ec. Customer and/or roval must be obtained prior to making repair. 
d. Number of repai mbly to be determined by agreement between sup- 
and purchaser. 
he procedure’ is as follows: 
1. Remove components and conformal coating as outlined previously if that is 
hecessary to obtain access to the defective plated-through hole. 
2. Remove solder by using a vacuum-type solder remover. 
Cut a length of tinned copper wire and insert it into the defective plated-through 
hole. Clinch both sides so the lay of clinch is approximately '%4e in along the conductor. 
4, Solder clinched leads on both sides by using rosin-core solder. 
5. Replace components if removal was required for access to damaged lead. Solder. 
6. Remove flux residue with cotton-tipped applicator moistened with solvent. 
- Test electrically if applicable. 
. Conformal coat if required. 


ex 


WARPED BOARDS 


Warped boards, before and after final assembly and soldering, are a very common and 
annoying defect that usually is caused by the unequal distribution of stresses on the 
Surfaces of the printed board.? The defect is particularly troublesome when the boards are 
Mounted on close-tolerance centers or when the board is required to slide into guides or 
Plug into a one-part (board-edge) connector. 


15. Warped Boards without Components The following limitations apply: 
4. Specifically for NEMA G-10 and FR-4 or MIL-P-13949 GE and GF. 
5. This technique has limited application, since the boards may rewarp. 
The procedure’ is as follows: 
1. Place the board between two steel plates or in a suitable straightening fixture. 
‘amp with sufficient force to hole the board flat between the plates. 
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2. Oven-bake 20 min at 240 to 300°F (115.6 to 148.9°C). 
3. Remove from oven and cool to room temperature. 
4. Remove from the straightening device and measure warp. 
5. Repeat steps 1 to 4 if necessary. 


Note: The number of times the procedure should be repeated is determined by results 
obtained from each cycle. 


16. Warped Boards with Components The following limitations apply. 
a, Same as a and b in preceding section. 
b, Components mounted on the board should be able to withstand the desired oven. 
temperature without reduction of the service life of the components, 
The procedure is as follows: 

1. Place selected areas of the board between steel plates or in a suitable straightening 
fixture (usually edges). 

2. Clamp with sufficient force to hold board flat between the plates. Arrange plates in 
such a way that only open areas of the board free of components are in contact with the 
clamping pieces, 

3. Place in oven for 10 to 20 min at 240°F (115.6°C). 

CAUTION: See limitations at beginning of this section. 
4. Remove from oven and cool to room temperature. 
5, Remove the straightening device and measure the warp. 
NOTE: The number of times the procedure should be repeated is determined by results 
obtained after each cycle. 


LAMINATE DEFECTS 


Epoxy-glass laminate material is subject to a number of defects inherent in the nature of 
the material itself. Composed as it is of epoxy-impregnated glass cloth, it is prone to 
large number of aesthetic and/or functional anomalies which may be inherent in the 
material or be aggravated by either the manufacture or repair of the printed 
Unfortunately, the defects are not usually evident until the final steps of manufacturi 
the board (i.e., outer-layer etch). Even worse, they may be introduced during some type ol 
repair or component replacement step. An overiding consideration is the value of the 
board or assembly, which usually justifies the cost of the salvage operation. 


ig and Weave Exposure Measling is defined as a condition existing in the b 
laminate in the form of discrete white spots or crosses below the surface of the base 
i a separation of fibers in the glass cloth at the weave in' tion 
Weave exposure is a surface condition in which the unbroken woven glass cloth is n 
uniformly covered by resin. Either defect is subject to agreement between board vend 
and user as to acceptance. The defect can result in a functional failure if the condition 
abridges terminals on the printed board, 
NOTE: The following limitation appli Subject to agreement between manufac 
and user, but not usually exceeding 5 percent of the board area. 
The procedure is as follows: 
i are to be repaired must be thoroughly cleaned by brushing with isopropyl 
aleohol. 
2. Bake board at 100°C for at least 45 min. 
3. Brush authorized conformal coating material on the affected areas, The coat ng 
must extend a minimum of 0,062 in beyond the defect in all directions. 
4. Cure conformal coating per manufacturer's recommendations. 


18. Laminate Voids Included in this category are blistering and, in the case of mult 
boards, surface-layer delamination. Frequently found after dip or wave soldering, # 
defect is usually the result of moisture entrapped in the board in combination with ab 
material shortcpming. Gross cases of widespread internal delamination are not 
here; they should be cause for rejection of the multilayer assembly. 

NOTE: The following limitations apply. 3 
Number of repairs (or area repaired) per board should be determined by the: 
specific requirements of the procuring agency or customer. 

b. Cost of the board or assembly should justify the rework. 
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c. Voids caused by blisters should be accessible by the methods used herein. 
. d. Only electrically functional boards should be repaired. 
procedure! is as follows: d 
See Bis beecd Spee andl penvies ll sosface oonteminarion anil lose feign 
aaa. Puncture each blister with a dental pick in at least two small areas, opposite each 
\d the perimeter of the blister. 
Bee pace ae board in the oven and use the time and temperature recommended to 
came {PRemove from oven and add the epoxy material over one of the openings around 
the perimeter of each blister. Epoxy may be applied by using a hypodermic needle, The 
heat of the board will draw the epoxy into the void area and fill it completely. 
5. (Optional) If it is determined that evacuation is necessary to remove possible 
included air, it should be accomplished at this point. 
6. Cure the epoxy by using the recommended time and temperature. 
7. Perform electrical tests of all interconnects in and around reworked area, 


ing Crazing is defined as a condition existing in the base laminate in the form of 
Panactod white ph or “crosses” on or below the surface of the base laminate. It reflects 
the separation of fibers in the glass cloth and connecting weave intersections. It is serious 
because it can provide an entrance and/or dwelling place for moisture and, if terminals are 
abridged, a path for electrolysis and subsequent insulation resistance breakdown, 
sore: The following limitations apply. % 
Be Thatmaier crepe per Med loa ibe defers by the specific require- 
s of the customer. 
s, The cost of the board or assembly should justify the rework, 
c. Only electrically functional boards should be repaired. 
d. Crazing in external layers with maximum length of 0.100 in, 
The procedure is as follows: ay ; 
1. Remove the affected laminate by means of the miniature machining abrasion 
method using a ball mill, or an S. S. White (or equivalent) air abrader with appropriate 
les and abrasive material. * 
2. Clean areas to be filled by scrubbing with Freon TF.* Use a stiff nonmetallic 
brush, and take care not to scuff circuit lines, components, etc. 
3. Preheat board at 65°C for a minimum of 30 min. ‘ 
4, While the board is hot, fill the holes by using a syringe which has been filled with 
an appropriate epoxy replacement material (such as Epon 828). The board must be hot, 
and it must be reheated if it cools to room temperature. 
5. After filling the void with epoxy, allow the board to sit in a dirt-free atmosphere for 
15 to 20 min; then cure it in a controlled oven for four hours at 65°C. 


MULTILAYER BOARDS 


Tn many ways the multilayer board is similar to single- and double-sided boards when 
tework is involved. Nearly identical procedures are used for outer-layer rework, compo- 
nent replacement, repair of laminate defects, and conductor repair. Internal layers of 
multilayer boards are treated as single-sided boards prior to lamination, An added precau- 
tion when working on multilayer boards concerns susceptibility to damage from heat. 
Many of the repair techniques mentioned earlier in this chapter are applied in combina- 
tion with some type of heat application (e.g., component replacement and conductor 
Tepair), and it is extremely important to minimize the amount of heat added to the 
multilayer assembly during any repair step. Among the problems which may be caused 
are damage to the plated-through hole, scorching of the board with subsequent possible 
°ss of insulation properties, and hole contamination by flow of epoxy binder. 

The only repair technique reserved exclusively for multilayer boards involves the 
defects which may be found in internal layers after assembly; in this case they are internal 
shorts. Other repairs for this type of board may be found in detailed areas previously 
covered, 
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20. Internal Shorts! This defect consists of shorts between internal layers and/or ¢} 


ground, 
NOTE: The following limitations apply. 
a, The number of repairs per board should be determined by the specific re 
ments of the customer. 
b. Shorts in the connector area are to be repaired in unassembled board only, 
The procedure is as follows: 
1. Make a series of resistance readings and/or continuity checks and record the d 
Determine, if possible, the exact location of short or shorted holes before attempting 
arilli 


2. Drill out the barrel of the suspected hole or holes slightly larger than the barrel 


OD. 
3. Examine the hole carefully to be sure that the whole barrel has been comp 
removed, 
4, Repeat resistance and/or continuity checks to verify removal of the short. 
5. Clean hole or holes with isopropyl alcohol and mask area around the hole, 
6, Fill the hole with epoxy and cure, 
7. Abrade flush to surface of board and clean with isopropyl alcohol. 
8, Hard-wire, externally, all circuits removed by drilling and solder with ros 
solder. 


NOTE: Care should be taken in routing external strappings to maintain wiring rules nd 


circumvent crosstalk. 
9, Remove all flux residue with cotton-tipped applicator and isopropyl alcohol, 
10. Apply a conformal coat over external wires. 


1. Cement all external wiring to the board surface if required or if board is no 


conformal-coated. 
NOTE: A good rule of thumb is to tack external wiring down with cement in incres 
of approximately one inch. Each tack should be % in in length. 
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INTRODUCTION 


This chapter deals with the specification of the materials system for the printed circuit. 
the design parameters which must be considered before a final circuit is laid out, 


soldering operation must be considered from the inception of the board layout in order j 


ensure satisfactory performance. The rules are simple and straightforward; if they 
followed, the operation should run smoothly and efficiently. If they are disrega 
however, the result is invariably a large number of touch-up operators handling reeu 
problems with bridges, icicles, and imperfectly formed fillets. 


DESIGN CONSIDERATIONS 


During the layout of the board, several soldering parameters should be carefully e 
ered. They are (1) the wire-to-hole ratio, (2) the size and shape of the terminal 

the number and direction of extended parallel circuit runs, (4) the population density 
the solder joints. 


4. Wire-to-Hole Ratio The wire-to-hole ratio represents a compromise between the id 
situation for assembly (large hole and small-diameter lead) and the ideal situation fo 
soldering (smaller lead-to-wire ratio). The minimum hole size can be established by 
rule of thumb that it should be no less than the lead diameter plus 0.004 in. The maxi 
hole diameter should be no more than 2.5 times the lead diameter. Of course, if the bo 

is a plated-through-hole or a multilayer circuit board, the hole-to-wire ratio should } 
lower than 2.5 to encourage the capillary action of the flux and solder during the so 
operation. 


2. Size and Shape of the Land Area The pad area around the solder joint is normally eithe 
circular to slightly elongated (teardrop). It should not be more than 3 times the diame! 
the hole in the board. There is sometimes a tendency, particularly on low-density board 
to leave large irregular land areas around the holes. That should be avoided! Exe 
large land areas expose too much copper to the solder pot, cause excessive quantiti 
solder to be used in joint formation, and promote bridging and webbing. 3 
Ifthe leads are to be clinched during assembly, the land should be so oriented that} 
clinched lead will be in the center of the elongated pad. Both the pad and the compon 
should be so oriented that the clinched lead is parallel to the direction of solder flow int 
solder wave and not perpendicular to it. 


3. Number and Direction of Extended Parallel Lines The use of automated printed b 
layout programs and the trend toward high-density circuit packaging have resulted im 
tendency to group large numbers of circuit paths together and run them parallel to on 
another for long distances. If those paths are oriented perpendicularly to the direction| 
flow in the solder wave (i.e., at right angles to the direction of the conveyor), then they 
contribute to bridging and webbing. Every effort should be made to maximize the y 
between lines which must be oriented perpendicular to the direction of the conveyor, 


4, Population Distribution An excessive number of joints in one area promotes bridgim 
icicling, and webbing. It may also cause a heat-sinking effect and interfere with # 
formation of a good solder joint. 


MATERIAL SYSTEMS 


In the soldering process there are two surfaces which must be considered before a § 

flux is selected. They are the lead surface and the pad surface. The average printed e 
assembler has little control over the material systems used in component leads, since ME 
selection is usually made for him by the component manufacturer. Furthermore, 1 
components are mass-produced and supplied on large reels. It is not economic 
justifiable to treat each lead according to an individual assembly shop's specific ‘ 
ment. Therefore, in selecting the components, care should be taken that the leads 
solderable, and an incoming inspection should be established to ensure leaf 
solderability. 
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The board itself, however, is a different story. Since each board is custom-manufac- 
tured, the assembly or soldering engineer can exercise a great deal of control over the 
material systems used on the board. Again, it is important, in order to keep defects to a 
minimum, that the board be made of a solderable material and that the solderability of the 

be checked as a part of incoming material inspection. The next section will deal 
with some typical material systems. encountered during the soldering process. 


5. Common Metallic Surfaces 

q. Bare Copper. Because of its low cost and ease of processing, one of the most common 
metallic surfaces encountered is bare copper. Chemically clean copper is the easiest 
material to solder; it can be soldered with even the mildest fluxes. But unless it is 
protected with a rosin-based protective coating, its solderability will rapidly degenerate 
fecause of oxides and tarnishes. As we shall see later in this chapter, however, the 
solderability of tarnished copper surfaces is easily restored with surface conditioners. If 
boards with bare copper surfaces are used, care should be taken to maintain solderability 
during handling and storage (storage time should be minimal), and the boards should not 
be stored in the presence of sulfur-containing material such as paper, cardhorad, or 
newsprint. Sulfur produces a tenaciously adhering tarnish on copper which seriously 
impairs the solderability. 

b. Gold. Gold is encountered most commonly on component leads and plug-in finger 
surfaces. It is a highly solderable material, but it is extremely expensive and it rapidly 
dissolves in the molten solder. Because it affects the properties of the solder joint, causing 
the joint to become dull and grainy, it is usually avoided or eliminated by pretinning the 
lead before soldering, Various studies have shown that all gold on a gold-plated lead can 
be dissolved in a solder pot of eutectic tin-lead solder within 2 s (plate thickness of about 
50 juin). Therefore, pretinning is economical as well as easy. 

e. Kovar. Many dual incline packs and related integrated circuitry are supplied with 
Kovar leads. Kovar is a very difficult metal to solder because it doesn’t wet well. For that 
reason component manufacturers and/or assembly shops prefer to pretin Kovar. The 
pretinning is normally accomplished only with organic acid fluxes and certain proprietary 
acid cleaners. 

d. Silver. Although silver was once very popular in the electronics industry, it is not 
‘used on terminal areas or component leads. The reason is the problem of silver migration, 
a phenomenon discovered in the late 1950s and extensively researched during the early 
1960s. Silver should be avoided. If it must be used, it is an easily soldered material and 
should be treated similarly to the bare copper surface (i.e., avoid sulfur-bearing materials 
and minimize storage and handling). 

¢. Immersion Tin, Immersion tin coatings are electrolessly deposited coatings of tin 
metal on bare copper surfaces. When tin is initially deposited, the coating is extremely 
solderable. It does, however, deteriorate rapidly, and it becomes more difficult to solder 

n bare copper, Originally, immersion tin coatings were used to protect the solderability 
of bare copper surfaces and thereby extend the shelf life of the board. Experience has 
shown, however, that fused tin-lead plate is far superior for the purpose. 

f. Tin-Lead. Tin-lead coatings are put on printed boards and component leads to 
Preserve the solderability of the material. They can be applied by electroplating, hot 
dipping, or roller coating. The mechanics of the processes are discussed elsewhere in this 

ter, A properly prepared tin-lead surface should exhibit excellent solderability and 
long shelf life—about nine months to one year). Tin-lead coatings can be soldered with 
Most rosin-based fluxes, even the nonactivated types. However, optimum results are 
obtained with the activated rosin fluxes. 


WETTING AND SOLDERABILITY 


Soldering is defined as a metallurgical joining technique involving a molten filler metal 
Which wets the surface of both metals to be joined and, upon solidification, forms the 
nd. From the definition it is apparent that the materials to be soldered do not become 
molten and therefore the bonding occurs at the interface of the two metals and is strongly 
pendent on the wettability or solderability of the base metal by the molten alloy. 
‘ough the base metal does not become molten, some alloying can take place ifthe base 
Metal is soluble in the filler metal. The bond which is formed is strictly metallic in nature, 


ee 
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and no chemical reaction which covalently or ionically bonds the metal to the s irfac, 
occurs. 

‘To understand the basic mechanism of soldering, it is necessary to understand 4 
thermodynamies of wetting. Fortunately, however, in order to understand wetting it is 
necessary to understand thermodynamics. Wettability or solderability of two materials 
measure of how well one material “likes” the other. 
by using a water drop resting on the surface, such as 
water drop doesn’t like the surface on which it rests, it 
surface, in the idealized case, 
surface at the point of contact is called the dihedral angle. If the drop likes the s 


spreads out all over the surface and comes in intimate contact with it. Various degrees of 


IDEALIZED 
WATER 
DROPLET 


(DIHEDRAL ANGLE 8=180°) 


Za 


COMPLETELY NONWETTABLE SURFACE 
Fig. 14.1. Complete nonwetting of an idealized surface. 


wettability are therefore related to the ability of the drop to spread out or wet the s 
Figure 14,2 shows the relation between the dihedral angle and the various wetting 
Wettability or solderability is related to the surface energy of the material. We 
substantially improved if the surface is clean and active (ie., if all dirt and grease 
removed and no oxide layer exists on the metal surface). 

Therefore, to form a solder bond efficiently, we must start with a material system whieh 
can be wet by the molten solder, and the cleanliness of the parts must be maintained. 


SOLDERABILITY TESTING 


Solderability testing is an important quality control procedure in the electronics ind 
It is a simple procedure but problems can occur if the fundamental test principles are 
understood thoroughly. “Solderability”’ is a measure of the ease (or difficulty) with 
molten solder will wet the surfaces of the metals being joined. When molten solder 
continuous permanent film on the metal surface, it is said to wet the surface. Wetting 
surface phenomenon which depends on cleanliness. Fluxing facilitates wetting by el e 
ing the surface, and the degree of surface cleanliness depends on the activity of the flux. 
However, there is often a limitation on the activity of the flux in the electronics in 
Most electronics soldering operations require relatively weak rosin-based fluxes to a 
the possibility of current leakage caused by flux residues remaining on the part. T 
enhance the solderability of some surfaces and eliminate the need for active fl 
electroplating often is employed to deposit a solderable coating over a base metal th 
tamishes easily or is difficult to solder. 
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Procedures Testing for solderability can be a simple procedure of inspecting 

6 Mfuction parts or of dipping an appropriately fluxed lead or portion of printed board in 

Solder pot and observing the results. Good and bad wetting are then identified visually. 

‘The problem is to recognize borderline cases which simulate eflective solderability but 

uickly deteriorate. In order to alleviate borderline solderability, the mildest possible flux 
Gould be used at the lowest soldering time-temperature 


relations which will give adequate results. © Sees ye cal 
‘An effective solderability test involves the use of water- 
white rosin flux and a solder pot. The surfaces to be TOTAL NONWETTING (8=180°) 
checked are fluxed and immersed for 3 to 4s in the solder 
, which is maintained at approximately 500°F. The 
solder is then permitted to solidify, and the components 
are cleaned of flux residues prior to visual examination. 
‘The inspection is usually performed with either no or low 
magnification (5x to 10x). Most solderability tests will 
mit up to a 5 percent imperfection of the total surface, - 
provided the entire imperfection is not concentrated in PARTIAL WETTING (180°>8>0) 
e area. 
O More elaborate solderability tests are described in gov- 
emmental and industrial specifications. Testing of compo- 
nent leads is covered by Electronic Industries Association 
(EIA) Test Method RS17814, which is similar to the sol- 
derability ane described in pity Spee Fayed 
Method 208. The test incorporates a dip fixture whicl Ba 
provides identical dip ratio and immersion times (Fig, TOTAL WETTING (80°) 
143). Fig. 14.2 Relation between 
4. Dip Test. For printed boards, the edge dip test, dihedral angle @ and the degree 
described in the EIA specification RS319 and by the % Wetlns: 
Institute of Printed Circuits (IPC)* in standard $801, often 
is employed. The edge of a printed board is dipped first in a mild flux and then in a solder 
pot for a predetermined time and temperature. r the flux residues are removed, the 
board is inspected visually for the quality of wetting, A similar test is employed to 
determine the solderability of solid wire leads, terminals, and conductive accessories of 
component parts normally joined by soft solder. Applicable test standards are EIA 


“The Institute of Printed Circuits is now called the Institute for Interconnecting and Packaging 
Electronic Circuits, but is still referred to as IPC. 


MOTOR,6RPM 


CAM FOR CONTROLLING 
OWELL TIME AND THE 
IMMERSION AND EMERSION 
TIME IN SOLDER BATH 


SOLDER BATH. 


SENSITIVE SWITCH 
FOR MOTOR {ON OFF) 


Fig. 14.3 Solderability dip tester. 
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Standard RS178A, Solderability Test Standard, and MIL-STD-202C, Method 208 4, 
Solderability. 

To perform the dip test, the operator places the item to be tested into a holding arm. The 
arm lowers the sample section into the solder pot. After the preset dwell time has elapsed, 
the arm automatically raises the sample. Then a visual determination of solderability jg 
made. The dip test can also be performed as a manual operation, but that leaves too many 
variables to the discretion of the operator. 

Since interpretation of results is based on a subjective judgment by the operator, it is 
essential that the operator be provided with examples of good, marginal, and poos 
solderability. It is imperative, too, that pot temperatures, cleaning and fluxing procedures, 
dwell times, and solder purity be controlled carefully in order to obtain meaningfal 
result: 

b, Globule Test. This test is one that is prevalent throughout Europe and is mandatory 
for European suppliers whenever specifications dictate. It is decribed in the International 
Electrochemical Commission Publication 68-2 Test T, Solderability. The globule test 
provides a numerical designation for the solderability of wires and component leads, tt 
measures the ability of the solder to wet the lead. 

A lead wire, coated with a nonactivated rosin flux, is placed in a holding fixture, It is 
gripped and straightened and then lowered into a globule of molten solder, The volume 
and temperature of the globule are controlled. As the lead wire bisects the globule, the 
timer actuates and measures the time between the moment the wire contacts the solder 
and the moment the solder flows around and covers the lead. At this second point, the 
timer stops, and the elapsed time is registered on a read-out. Elapsed time is indicative of 
the solderability of the lead: the shorter the time, the greater the solderability, 

This globule test method is completely automatic and is designed for continuous 
operation. Time is measured to tho s. Wires that are 0.008 to 0.062 in in diameter ean be 
tested, and special heat regulators can hold solder temperature to P. 

When wire plated with a soluble or fusible coating is tested, it is advisable to performa 
dip test to supplement and verify the globule test findings. The reason is that, under 

rtain conditions, the plated coating might be totally reflowed or dissolved during the 
soldering operation, which would give misleading results, 


PLATED COATINGS FOR PRESERVING SOLDERABILITY 


The three commonly used types of plated coatings are generally referred to as fusible, 
soluble, and nonfusible and/or nonsoluble. Fusible electrodeposited coatings provide 
corrosion protection to a surface that has been activated for soldering. Whether the solder 
bond of a soluble electrodeposited coating is to the base metal or to the deposit depends 
on soldering conditions and coating thickness. Nonfusible and/or nonsoluble electrode 
posited coatings are used frequently as barrier layers in electronic applications to prevent 
diffusion of solder and base metal. 


7. Fusible Coatings Tin and tin-lead electrodeposited coatings are commonly used im 
electronic applications to preserve solderability because they are fusible and do not 
contaminate the solder pot or fillet. Contamination can adversely affect tensile, creep, and 
shear strengths at a solder connection. Also, contamination of a part can reduce the flow 
and spread of the solder on the part. 

If the coating operation is not closely controlled, an electrodeposited coating may be 
applied over a partially contaminated surface. If that happens, dewetting will occur in the 
contaminated areas because the electrodeposited coating is fused during soldering 
Therefore, adequate cleaning prior to plating is essential to obtain good solderability: 
Figure 14.4 shows a surface which has dewet after a reflow operation. ‘ 

Another point to remember is that plating thickness should be sufficient that porosity i8 
virtually eliminated. Porosity and codeposited impurities will lower the protective valu 
of the electrodeposited coating and will eventually cause poor solderability. 


8 Soluble Coatings Soluble coatings commonly used in electronic applications include 
gold, silver, cadmium, and copper. During soldering, these metal coatings are eithet 
completely or partially dissolved. The amount of dissolution depends on solubility of He 
coating metal, thickness of the deposit, and the soldering conditions. Silver and coppe® 
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tend to tamish; and ifa mildly activated flux is called for, they should be protected with a 
thin rosin coating. Cadmium offers sacrificial corrosion protection which often necessi- 
tates the use of highly activated fluxes to promote effective soldering 

Soluble gold coatings provide excellent corrosion and chemical resistance. However, 
pecause of the high cost, fairly thin coatings are used. Moreover, care should be taken 
pecause gold coatings of under 50-uin thickness tend to be porous and, result, lower 
the protective value of the metal. Corrosion of the base metal or barrier plate via pores 
causes soldering problems because the gold usually dissolves completely during solder- 
ing and it is difficult to wet the corroded base metal. Also, solderability decreases with the 


Fig. 14.4 Tin-lead-plated surface which exhibits dewetting after the reflow operation (Alpha Metals 
Inc. 


nts of alloying elements that are used to increase hardness and are often codeposited 
with the gold. Thicker gold coatings, on the other hand, may cause brittleness in a solder 
connection because of formation of gold-tin intermetallic compounds. 


9. Nonfusible and Nonsoluble Coatings Nickel and tin-nickel electrodeposited coatings are 
considered to be nonfusible and/or nonsoluble because they provide an effective barr 
to prevent alloying of solder to the base metal in electronic applications. They allow for 
effective soldering to such materials as aluminum and silicon. However, problems can 
Sccur from passivity, which is caused by codeposited impurities, or from some addition 
€gents that are used in nickel plating to increase hardness and reduce internal stress. In 
ich cases, nickel and tin-nickel electrodeposited coatings should be protected with tin or 
tin-lead to improve the shelf life of the soldered part. 

Furthermore, nickel and tin-nickel have limited solubility in solder, and a flash coating 
is not an effective barrier. When electroless nickel is used as a barrier coating on 
aluminum, the required thickness will depend on soldering conditions. A thickness of 50 
to 100 jin is sufficient for most operations. 


10. Organic Coatings Although the metallic coatings for preserving solderability are the 

Most reliable and effective coatings, they are also the most expensive ones. For applica- 

tions that do not require a long shelf life, considerable economies can be obtained by 

Using an organic protective coating. There are serveral basic types of organic protective 

“oatings—water-dip lacquers, rosin-based protective coating, and the benzotriazole-type 

Coating. Organic protective coatings must be easily removable, and they must be compati- 
le with the rosin-based fluxes normally used in the printed board industry 
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Water-dip lacquers were once a very popular means of protecting the solderability of 
printed boards. However, they have fallen into disfavor because of their tendency to set 
up and polymerize with age, As they age, they become extremely difficult to remove, 
They also become insoluble in the flux solvent. If they are not properly removed after 
Auxing, they leave white residues which are not corrosive but are extremely nnattractive 
Today rosin-based protective coatings are much more prevalent than water-dip laa. 
quers. They are applied by dip, spray, or roller coating, and, depending on the thickness, 
they will provide solderability protection for six weeks to four months. They are com. 
posed of the rosin solids material, and as such they are quite compatible with the rosin 
thinners and the normal cleaning method used to clean rosin fluxes. When those materials 
are used, it is important to ensure that adequate fluxing occurs and that the preheatis 
time and temperature are sufficient to allow the protective coat to melt and be displaced 


Fig. 14.5 Conveyorized infrared fusing machine (Research Incorporated). 


by the flux, Ifthe coat is not displaced, soldering will occur with a rosin nonactivated flux, 
no matter how active the solder flux really is. 

A third alternative which some people have explored is the benzotriazole-type coating. 
Benzotriazole is an organic compound which is applied to the board surface during the 
final rinse operation of the plating line. It forms a thin nonporous film on the copper 
surface and prevents oxygen from reacting with the surface copper molecules, Benzotria- 
zole films are very fragile, and they cannot be subjected to handling or scraping abuse. 


TIN-LEAD FUSING 


Fused coatings ordinarily are electrodeposited, low-melting metals or alloys that have 
been heated sufficiently above their melting points to become completely molten. In the 
molten state, alloying between the liquid and the basis metals is accelerated; on solidif- 
cation, the deposit usually is dense and nonporous. The procedure is commonly known as 
“reflowing,” and it usually connotes tin or tin-lead electrodeposits. However, it can als0 
apply to the remelting of hot-dipped coatings. 

Fused coatings are employed to guarantee that the cleaning procedure prior to plating 
is adequate, to produce a slightly denser deposit with less porosity, and to improve the 
appearance of the coating. Reflowing leaves a bright deposit which has a definite 8 
appeal. A typical conveyorized infrared reflow oven is shown in Fig. 14.5. 


11. Thick Fused Coatings Tin-lead electrodeposits that are reflowed are usually betwee™ 
300 and 500 yin in thickness. That thickness provides adequate protection with @ 
minimum of reflow problems. When printed boards are reflowed, the tin-lead deposit 
forms a meniscus on the conductor pad. For that reason the edges of the pad have a mi 

thinner coating than the original plating, whereas the center is thicker. The average 
thickness is the same, but it is distributed differently. As the plating thickness increases 
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over 500 yin, the surface forces are not always sufficient to hold the solder in the 
meniscus—especially on wide pads; the solder shifts upon solidification and the deposits 
appear uneven. On inspection, that may be mistaken for a dewetting condition, but it 
actually is a shifting of the molten solder before solidification. 

When tin-lead with a thickness over 500 yin, is reflowed, the boards must be in a 
horizontal position and be withdrawn in a smooth manner. Otherwise, shifting of the 
molten solder is inevitable. Because of that problem, there is a practical limit on the 
coating thickness. In recent years, some military specifications have been calling for 0.001 
to 0.0015 in (1000 to 1500 pin) in reflowed tin-lead plating. The main objective is to obtain 


Fig. 14.6 Hot-air solder-leveling machine. (Courtesy Electrovert, Inc.) 


®aximum corrosion protection, Deposits of that thickness have been reflowed, but not 
without processing difficulties. 

Improvements in infrared reflow equipment have increased the use of thick fused 
Coatings in recent years. Reflowed tin-lead electrodeposits offer several advantages. One 
advantage is that they provide a 100 percent quality control check immediately after 
etching. By examining the boards after reflow, problems in hole drilling, cleaning proce- 
dures, plating, and etching can be detected and corrective action can be taken immedi- 
ately, The procedure has had a dramatic effect in improving printed board reliability. 

Another benefit is that solder slivers are eliminated. During etching there is undercut- 
ting where the tin-lead coating overhangs the conductor pad. Under certain vibration 
conditions, the overhang can fall off and cause a short circuit. Fusing eliminates the 
condition and adds to board reliability. 


12. Thin Fused Coatings Thin fused coatings level the solder during fusing when they are 
applied by procedures such as roller coating, spin coating, and hydro-squeegeeing, The 
leveling is accomplished by means of a hot liquid ejected from spray nozzles. The 
techniques usually result in coatings under 50 jin, hardly enough for adequate corrosion 
Protection. Also, thin coatings can mask poor solderability when tin-lead is plated over 
Unsolderable copper. For those reasons, use of leveling techniques has diminished in 
Tecent years. Figure 14.6 shows one system in use. 


13. Problems in Reflowing Plated Coatings Codeposited impurities, especially copper in 
tin-lead, can cause dewetting in a reflowed deposit. Variations in alloy composition raise 
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the melting point and cause reflow problems. That is particularly true when organic 
contamination results in poor solution throwing power and consequent high lead deposit 
in the plated-through holes. Heavy oxidation or tarnish films that result from chemical 
attack by etching solutions must be removed prior to reflowing. The films can act as 
insulating barriers and interfere with reflowing. 


SOLDER RESISTS 


Solder resists are polymer materials which are silk-screened or laminated onto the 

to protect the circuitry selectively while the pads are being soldered. The solder resists 
minimize bridging and webbing and restrict the amount of solder dragged from the pot 
during the soldering operation. A solder resist also minimizes the amount of board area in 
contact with the solder pot and thereby restricts the metallic contamination buildup in the 
solder pot. 

There are two basic types of solder resists, temporary and permanent. Permanent solder 
masks are meant to remain on the board, so they are usually made of durable seratch- 
resistant material such as epoxy. Permanent solder masks can be applied over copper or 
over solder plate. Resists which are applied over solder plate must be capable of 
containing the molten solder when it flows during the soldering operation. 

Temporary solder masks are applied as protection during the soldering operation. For 
instance, a temporary mask would be applied to the gold contact fingers during soldering 
to prevent the fingers from being soldered and thereby ruined. 


SOLDERABILITY AND THE PLATING OPERATION 


Blowholes in plated-through holes on printed boards normally are caused by solution 
entrapped in the hole, but they also can be caused by an excess of organics occluded in 
the electrodeposits. The heat involved in soldering causes moisture and entrapped 
chemicals in the laminate to build up in pressure and escape through voids or cracks in 
the plating. That results in blowholes. The problem can usually be alleviated by prebak- 
ing at 180 to 200°F. 


Figure 14.7 shows a cross section of a fused tin-lead surface that had an excessive 
amount of organic material. Note that the organic material tends to create voids in the 
plate which rise to the surface. The result is a grainy, pitted appearance 
solidification. 


14, Effect of Organic Plating Additives In order to solder successfully to electrodeposits that 
employ addition agents, it is extremely important that the additives be carefully con 
trolled. Additives usually are essential to produce sound deposits of tin and tin-lead 
alloys. In electroplating, chemicals are added to the basic formulation of a plating solution 
to enhance the properties of the deposit. Some properties that can be imp 
additives are throwing power, smoothness, hardness, leveling, brightness, and speed of 
deposition. 

Normally, when foreign metals or organic materials are present in a plating solution, te 
properties of the deposit are adversely affected. In some rare cases, beneficial effects cal 
be produced by codepositing small amounts of other metallic ions or occluding organi€ 
material. When that occurs, the materials are classified not as contaminates but as addition 
agents. When they produce a bright deposit, they are called brighteners. Strictly speaking 
they are controlled impurities. 

When organic additives are employed, some forms of the compounds are absorbed at 
the cathode surface during electrolysis. Often, the compound absorbed is a decomposition 
product of the original material. The amount that is absorbed is proportional to the natut® 
and concentration of the compound and the time of electrolysis. Frequently, the orgame 
decomposition products develop over a period of time and may affect the 
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adversely. Six months to a year may pass before critical concentrations are reached. If the 
breakdown products can be removed by an activated carbon treatment, the problem can. 
be controlled. It always is a worthwhile practice to remove organic addition agents and 
their breakdown products by a carbon treatment at least two or three times a year, That 
assures continuous operation of the plating solution without unscheduled purification 
treatments during peak production. 


45. Effect of the Plating Anode When inorganic contaminants build up in a plating solution, 
jnereased concentrations of the additives are normally required to produce the desired 
effects. Poor-quality anodes constitute the major source of inorganic contaminants. In tin 
and tin-lead plating, at least a 99.9 percent puricy anode is required. High-purity chemi- 
cals and efficient rinsing before plating are also essential to maintain a high-purity plating 
solution. Operation of tin-plating solutions at temperatures below 65°F can reduce the 
amount of organics occluded in the deposit. 

When excess organics are occluded in a tin or tin-lead electrodeposit, bubbling is often 
observed during soldering. That often can be the cause of blowholes in soldering a 


Fig. 14.7 Organic material from plating bath occluded in reflowed tin-lead deposit, (Alpha Metals, 
Inc.) 


printed board. However, it should be noted that the majority of blowholes are caused by 
entrapped plating or cleaning solutions. When postbaking does not alleviate the problem, 
occluded organics in the tin or tin-lead electrodeposits are a likely cause. 


SOLDERABILITY CONSIDERATIONS FOR ADDITIVE 
CIRCUITRY 


Additive printed circuitry is a process whereby conductive patterns are formed on a 
plastic laminate by means of electroless plating. In the process, the copper conductor pads 
are usually of extremely high purity and, as deposited, are usually very solderable. 
However, there can be a problem in preserving solderability. Although additive circuitry 
is not subjected to an etching solution that activates the copper and renders it susceptible 
to reoxidation, it will oxidize in time and thus can produce solderability problems. The 
key to soldering additive circuitry is protection of the copper during processing. 

In subtractive circuitry, in which the board is laminated with copper and additional 
Copper is deposited on both by electroplating, solderability is usually preserved by the 
deposition of tin-lead on the copper. The tin-lead serves the dual function of being an 
etch-resist metal and preserving solderability. The copper is rendered solderable in the 

‘ing process prior to the deposition of the tin-lead, and the coating usually provides 
the necessary corrosion protection for preserving solderability during storage. That usu- 
ally permits soldering with mildly activated fluxes. To obtain higher reliability, it is often 
Specified that the tin-lead be reflowed. Reflowing is a process in which the coating is 
heated over the melting point and allowed to solidify in place. Ifnonsolderable conditions 
exist, they can be readily observed, because dewetting will occur or the tin-lead will not 
fuse. Proper fusing will result in a smooth, shiny surface. The process affords a 100 
Percent inspection immediately after etching and has had a marked effect on improving 
Teliability of solder joints. 

In additive circuitry, tin-lead cannot be plated because there is usually isolated circuitry 
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that cannot be electroplated. Other means must therefore be employed to preserve 
solderability. One is to use rosin- or resin-type protective coats. The process is designed tg. 
preserve solderability of copper during in-plant processing, but it was never intended for 
long-term storage. If tarnishing of the copper occurs during storage, soldering can be 
problem because, although the coating is a mild flux, it dilutes the activator content of the 
soldering flux. If soldering problems arise when this type of coating is present on aprinted 
board, it is usually suggested that the coating be removed and precleaning be 
on the copper surface prior to the soldering process. In wave-soldering it is also it 
that adequate preheating be employed so that the activator in the soldering flux can be 
dispensed into the protecto-coat prior to soldering. 

Another means of preserving solderability is to employ immersion tin, a chemi 
process by which a tin coating is applied over copper. The problem is that it is not a tme. 


electroless process and there are limitations on the thickness of the coating. Normally, 30 


to 50 qin is the practical thickness that can be applied. The solution that deposits the 
coating acts as a cleaner and renders the copper solderable. However, a tin coating of 
under 50 jzin is normally not sufficient to provide corrosion protection during long-term 
storage. Also, the tin alloys with the copper, and it can create an unsolderable condition 
during long-term storage. 

There is often a misunderstanding of the electroless process; the process can be 
employed provided its limitations are thoroughly understood. If the coating could be 
applied with a thickness of 200 to 300 in, the process would be an excellent one, but to: 
date Se technology has not developed sufficiently to get coatings that thick on a produc- 
tion 

A major limitation of the additive process is in preserving solderability. The future of 
additive circuitry is dependent to a large extent on the development of a process that can 
deposit a sufficient thickness of tin or tin-lead to provide the corrosion protection neces- 
sary for long-term storage. Another approach would be to improve organic protecti 
coatings so they can provide long-term-solderability shelf life. 


USE OF PRECLEANERS TO RESTORE SOLDERABILITY 


In the electronics industry, a restriction is often placed on the activity of the flux that 
be employed in soldering, because an assumption has been made that postsoldering 
cleaning may not always be 100 percent effective. If ionic residues are left on a 
board after cleaning, there is a possibility that voltage leaks could develop under 
humidity conditions. Because of that restriction, a situation in which effective sol 
cannot be accomplished with the specified flux can arise. In that event, solderability 
be restored or the parts must be scrapped. 


16. Causes of Poor Solderability It is important that the cause of poor solderability 
understood. In some cases, oil, grease, or organic films may be responsible. A simp 
solvent or alkaline cleaning can remedy that situation. The most common cause of 
solderability, however, is heavy tarnish or oxidation on the surface of the metal bein 
soldered. Precleaning in an acid cleaner usually will restore solderability, After acid 
cleaning, it is essential that the acid residues be thoroughly rinsed off. In critical appli 
tions, a neutralization step, followed by another rinse, is employed to ensure that all ac 
residues are removed. A quick, thorough drying is required after rinsing to prevent 
reoxidation, 
It is also possible that the solderability problem may be a combination of the 
situations. That would necessitate a solvent or alkaline cleaning to remove organic film 
and an acid cleaning to remove tamish and oxidation. If the dual cleaning operation 
impractical, then cleaning with an organic solvent containing acid should be consi 

With that type of solution, effective cleaning can be performed in one operation follo 

by rinsing and thorough drying. That type of cleaning, which requires minimum space 
and equipment, is ideal when organic films on the surface are not extensive but do 
prevent 100 percent removal of oxides and tarnish. 

A solvent containing acid cleaner is ideal for copper and brass, since it dissolves 
organic films that could be on the surface and assures complete removal of tarnish — 
oxidation. Straight acid cleaners such as hydrochloric, sulfuric, and Auoroboric acids and 
sodium acid sulfate (sodium bisulfate) are completely effective only when organic films 
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in pri i idatic i ‘leaners 
moved in prior operations. In severe cases of copper oxidation, etching type cl 
ah a8 ammonium persulfate sometimes are used. Although the solutions are very 
effective, it must be noted that they leave the metal in an active state so that it can easily 
feoxidize. Hence it is a good practice to follow this procedure with a mild acid dip and 
thorough rinsing and drying. 


47. Cleaning Tin-Lead Surfaces Leads and printed boards are often coated with tin or tin- 
Jead to preserve solderability. When that type of coating is applied by electroplating, it is 
extremely important that the deposit be applied on a solderable surface. Adequate 
cleaning prior to electroplating is essential. Tamnishing of the tin or tin-lead coating during 
etching or storage can detract from solderability. Acid cleaners for removing tarnish from 
tin or tin-lead usually contain thiourea, fluoboric acid, wetting, and complexing agents. If 
spray equipment having titanium heating coils or rollers is used, then an acid cleaner 
containing fluoboric acid cannot be used. However, there are available equivalent clean- 
ers that do not contain fluboric acid that will clean tin or tin-lead effectively in a spray 
operation. It should be noted that if the tin or tin-lead is plated over an unsolderable 
surface, then the only recourse is to strip the tin or tin-lead and replate. Solutions 
containing glacial acetic acid and hydrogen peroxide often are employed for the purpose. 
Stripping and replating can be a costly operation, and economic considerations may rule 
out the procedure in some cases. 


STANDARD SOLDERABILITY TESTS 


Although many solderability tests are used throughout industry, we have selected two that 
are agreed upon by the IPC as effective. Ifa printed board has a special surface treatment, 
a special test may be required. In general, however, these will give acceptable and 
repeatable results. 


18. IPC Edge Dip Test" 


a, Purpose 

1, This standard is intended to provide a test method which may be used by both 
vendor and user to determine solderability of printed boards with or without surface 
coatings. 

2. The solderability determination is made to verify that the printed circuit manufac- 
turing processes and storage have had no adverse affect on the solderability of the printed 
board. That is determined by evaluating the ability of the portions of the printed board 
normally soldered to be wetted by a new coat of solder. ; 

3. The standard does not specifically relate to the solderability of internal plating in 
holes. 

4. The standard should not be construed as a production procedure for preparing and 
soldering printed boards. 


b. Definitions 

1. Solderability. The ability of a metal surface to be wetted by solder. 

2, Wetting. The formation of a uniform, smooth, unbroken, and adherent film of 
Solder to a base metal. 

3. Dewetting. A condition which results when the molten solder has coated the 
Surface tested and then receded, leaving irregularly shaped mounds of solder separated 
by areas covered with a thin solder film. Base metal is not exposed. 

4. Nonwetting. A condition which results when the molten solder has coated the 
Surface tested and then receded, leaving irregularly shaped mounds of solder separated 

Y areas covered with a thin solder film and by some areas of exposed base metal. 
¢. Requirements. The surface to be tested is immersed in molten solder under defined 
conditions (see Test Procedure, 3). It is considered solderable if, after removal from the 
solder, cooling, and cleaning, it meets the requirements as outlined under Evaluation. 


d. Equipment ohh 
1. Solder pot. A thermostatically controlled solder pot of adequate dimensions to 
accommodate the samples and containing no less than 5 Ib of solder. 


“Courtesy of IPC, Evanston, Ill. 
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2. Dipping device. A dipping device, as shown in Fig. 14.3, is used. A similar device 
may be used provided the following requirements are met: 
a. Rate of immersion, dwell time, and rate of withdrawal are within the test limits 
(Test Procedure, 3). 
b, Perpendicularity of board and solder are maintained. 
c. Wobble, vibration, and other extraneous movements are eliminated. 
3. Optical equipment. Either a direct or projection lens system with a maximum of 
10 diameters magnification is suitable. 


¢. Material 
Solder, The solder should be composition Sn 60 or Sn 63 conforming to the latest 
revision of Federal Specification QQ-S-571, Solder; Lead Alloy, Tin-Lead Alloy, and Tin. 
Alloy; Flux Cored Ribbon and Wire, and Solid Form. 

2. Flux. A nonactivated rosin flux having a nominal composition of 25% by weight of 
water-white gum rosin in a solvent of isopropyl alcohol 99% should be used. The specific 
gravity of the flux should be 0.843 +.005 at 77°F. The flux must be free of additional 
activators. 

3. Flux remover. The flux remover should be either isopropyl alcohol, a chlorinated 
solvent such as trichlorethylene, or other suitable solvent. 

WARNIN( 9 not use chlorinated solvents on silicone-base board materials, because 
delamination and finish damage may occur. 

4, Test sample. The test sample required for this test consists of a metallic surface of 
the board which is so placed that good drainage of the molten solder is possible as the 
sample is withdrawn from the solder pot, 

The sample can be a planned scrap edge, a finished product, or a specially prepared _ 
specimen processed with a group of production boards as mutually determined between 
vendor and user. 


Ff. Test Procedure . 
1, The printed boards should be checked in an “as received” condition from the. 
vendor, and care should be exercised to prevent contamination by grease, perspirants, ete, 


of the surfaces to be tested. 

2. Application of flux. The test samples are to be dipped into flux described 
Material, 2, and allowed to drain for 60 s before proceeding with the solder dip. 

3. Solder dip. The molten solder (per Material, 1) should be stirred with a : 
stainless-steel paddle to assure that the solder is of a uniform composition and at a 
temperature of 450 + 10°F, Dross and bumed flux should be skimmed from the surface 
the molten solder immediately prior to dipping. After fluxing and draining, the printed 
board should be immersed into the molten solder edgewise. The insertion and with- 
drawal rates should be 1 +0,25 in/s, and dwell time should be 4 +0.5 s. Upon withdrawal 
the solder should be allowed to solidify by air cooling while the board is in the ve 
position. No quenching or other means of accelerating solderification should be used. 
mechanical device meeting the requirements of Equipment, 2, is recommended fe 
dipping the specimens; however, by determination between the user and vendor, 
manual operation simulating the above conditions may be used. 

The solder bath should be analyzed periodically for conformance to Material, 1. 

4. Cleaning. After the solder has solidified, residual flux should be removed from 
ee to facilitate inspection. Flux-removing material should be as specified und 
Material, 3. 


&. Evaluation 

1, After the parts have been solder-dipped and thoroughly cleaned of flux, th 
should be examined by using equipment of the type specified under Equipment, 3. 

2. Evaluation criteria. The criteria for acceptable solderability is a new unil 
adhering coating of solder which covers a minimum of 95 percent of the surface 
tested. The balance of the surface may contain only small pinholes, dewetted areas, a0 
rough spots, provided such defects are not concentrated in one area. For less critical 
applications, a smaller percent of coverage may be determined by vendor and user. 

3. An area of 4% in width approximately from the edge of each test specimen sho 
not be evaluated. 

4, Aids to evaluation. As an aid to evaluation of the test results, see Fig. 14.8. The aid 
is used primarily to illustrate types of defect rather than percent of area covered. 
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49. IPC Test for Wave-Soldered Printed Wiring Boards" 


© [This standard is intended to provide a test method which may be used by both 
vendor and user to determine solderability of completely processed printed boards, with 
we without surface coatings, which will be soldered by wave soldering or other machine 


methods. 
*Courtesy of IPC, Evanston, Tl. 


SOLDERABILITY TEST SAMPLES 


COMPLETE DEWETTING NONWETTING 
Fig. 14.8 Aid to evaluation of circuit wetting, IPC-S-803, June, 1975. 
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2. The solderability determination is made to verify that the printed wiring fabri 
tion processes and storage have had no adverse effect on the solderability of the p 
board. That is determined by evaluating the ability of the portions of the printed bo 
normally soldered to be wetted by a new coat of solder. Determination is judged visib} 
by nondestructive methods. 


holes. 
4. The standard should not be construed as a production procedure for ‘preparing and 
soldering printed boards. 


b, Definitions 
1. Solderability. The ability of a metal surface to be wetted by solder. 
2, Wetting. The formation of a relatively uniform, smooth, unbroken, and adhere 
film of solder to a base metal. 
3. Dewetting. A condition which results when the molten solder has coated 
surface tested and then receded, leaving irregularly shaped mounds of solder separ 
by areas covered with a thin solder film. Base metal is not exposed. 


4, Nonwetting. A condition which results when the molten solder has coated t 
surface tested and then receded, leaving irregularly shaped mounds of solder s te 
by areas covered with a thin solder film and by some areas of exposed base metal. 

¢. Requirements. The surface to be tested should be wave-soldered under defi 
conditions (see Test Procedure, 3). It should be considered solderable if, after 
from the solder, cooling, and cleaning, it meets the requirements outlined 
Evaluation. 


1, Soldering machine. Machine, such as a wave-soldering unit or system. Machin 
description may be the machine manufacturer's specification sheet with or without note 
exceptions as agreed to between vendor and user. 

2. Optical equipment. Inspection is generally by the unaided eye (corrected-vis 
glasses permitted) but on occasion either a direct or projection lens system wil 
maximum of 10 diameters magnification may be used. 


e. Material 

1. Solder. The solder should be composition Sn 60 or Sn 63 conforming to the late 
revision of Federal Specification QQ-S-571, Solder; Tin-Lead Alloy, Solid Form, Oth 
alloys may be used upon agreement between supplier and user. 

2. Flux. A nonactivated rosin flux having a nominal composition of 25 e 
weight of water-white gum rosin in a solvent of isopropyl alcohol (99% should be 
The specific gravity of the flux should be 0.843 +.005 at 77°F. Other fluxes as agre 
between supplier and user may be used. 

3. Flux remover, The flux remover should be either isopropyl alcohol or oth 
suitable solvent. 

WARNING: Do not use chlorinated solvents on silicone-base materials, because delami 
nation and damage to finish may occur. 

4. Test sample. The sample required for this test consists of a metallic surface of 
board which is so placed that good drainage of the molten solder is possible as the sa 
passes over the solder wave. 

The sample can be planned scrap edge, a finished product, or a specially prepa 
specimen processed with a group of production boards, as mutually determined betwe 
vendor and user. Generally, components will not be mounted on the sample, although # 
sample may contain drilled and/or plated-through holes. 4 

Specimens should be fixtured, as much as is practical, so as to be representative of 
production setup. 


Ff. Test Procedure 

1. The printed boards should be checked in an “as received” condition from 
vendor, and care should be executed to prevent contamination by grease, perspirants. 
of the surface to be tested. 

2. Application of the flux. The test samples are to be flux-coated (Material, 2) 
preheated before proceeding with the solder application in accordance with the process 


3. The standard does not relate to the solderability of the walls of plated-through 
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agreed to by vendor and user. Although flux may be applied manually, it will generally be 
applied as part of the machine system. 

3. Application of solder 

a. Wave solder, machine solder. Process agreed to between vendor and user. 
‘Usually it is the manufacturing process generated by the user for wave soldering, and it 
consists of a board holder, conveyor, flux applicator, preheater, solder unit, and operating 
jnstructions which include machine settings, machine process controls on conveyor 
speed, conveyor incline, preheat temperature, solder temperature [not less than 470°F], 

description, ete. 

b. The solder composition should be analyzed periodically for conformance to 

ial, 1. 
ae Cleaning. After the solder has solidified, residual flux should be removed from the 
specimens to facilitate inspection, Flux-removing material should be as specified under 
Material, 3. Flux may be removed manually or by machine. 

5. Sample size should be as determined between vendor and user. 

6, Sample description should include finish (i.e., plated, refused, ete.), board thick- 
ness, and dimensional changes allowed (ie., loss of spacing, tolerance, warpage, ete.). 

¢. Evaluation 

1. After the sample parts have been wave-soldered and thoroughly cleaned of flux, 
they should be examined by using the type of equipment specified under Equipment, 2. 

2, Evaluation criteria. The criterion for acceptable solderability is a relatively 
uniform adhering coating of solder which covers a minimum of 95 percent of the surface 
being tested. The balance of the surface may contain only small pinholes, dewetted areas, 
and rough spots, provided such defects are not concentrated in one area. For less critical 
applications, a smaller percent of coverage may be determined by vendor and user. Solder 
buildup or drainage on circuit areas where circuit leaves the solder wave is acceptable. A 
plated-through-hole wall portion should be partly wetted with solder, but it need not be 
filled with solder. 

3. Aids to evaluation. As an aid to evaluation of the test results, see Fig. 14.8. The aid 
is used primarily to illustrate types of defect rather than percent of area covered. 
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INTRODUCTION 


The primary purpose of this chapter is to discuss the materials and machinery used in the 
soldering process. The emphasis is placed on automated soldering techniques, but most of 
the information is germane to other techniques. Because of the sequential nature of the 
soldering process and the need for a high degree of control of the processing parameters, 
soldering lends itself well to automated techniques. The large throughput required for 
most modern high-volume production installations makes automated soldering tech. 
niques mandatory. 
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Fig. 15.1 Binary phase diagram, tin-lead alloys. Note that the eutectic point occurs at 63 percent ti 
and 37 percent lead. 


THE SOLDER ALLOYS 


re normally composed of tin and lead in ratios close to the eutectic point. 

composition is a distinct alloy composition that has a single melting point, 

rather than a discrete melting range. The melting point of the eutectic is always less than 

that of parent metals. In the tin-lead phase diagram shown in Fig. 15.1, the eutectic point 

is marked as 63 percent tin and 37 percent lead. As seen in the figure, compositions 

different than the eutectic do not solidify immediately on cooling; instead, they have @ 

temperature range in which they are partly liquid and partly solid. That region, called the 

pasty range, becomes more pronounced the farther one departs from the eutectic. Large 

pasty ranges result in internal stresses and cold solder joints. Therefore, compositions at OF 
near the eutectic are the most desirable for automated soldering. 

Alloys other than tin-lead are available with melting temperatures covering the range 
from 200 to 600°F, but they are not often used in automated soldering processes. T: 
15.1, from Federal Specification QQ-S-571, gives a rough idea of the number and types OF 
alloys available. Solder alloy selection is made on the basis of soldering temperature (not 
melting temperature), mechanical strength, electrical characteristics, mechanical prope 
ties, and economy. Because tin is much higher in cost than lead, solder alloy cost 1 
basically a function of the amount of tin in the alloy. The higher the tin content, the highet 
the cost. The highest tin content used is the eutectic composition, 63 percent Sn and 
percent Pb It provides the optimum soldering properties. 
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PURITY OF SOLDER ALLOYS 
The purity of solder, as it is received from the manufacturer, is subject to much confusion, 
which volumes of advertising literature, claims, and counterclaims of solder manufactur 
brs have done little to dispel. The confusion exists basically because of a tangle of 
antiquated solder specifications and a lack of appreciation for the complexity of solder 
manufacture. Federal Specification QQ-S-571 and ASTM B-32, the most often quoted 
ations, were written during World War II. Since tin supplies were greatly 

d recycling techniques we have today were unavailable, 

solder impurity levels greater than those currently acceptable were tolerated for expe- 


Fig. 15.2 Solder specimens after outgassing test. Pockmarked appearance is due to outgassing of 
allic impurities (Alpha Metals). 


ake. Also at that time, modern high-speed production techniques were not 

and hand-soldered assemblies were most common, Contoured solder joints 

were rejected because they “didn’t have enough solder on them to make a good joint,” 
d the correlation between reliability and inspectibility wasn’t fully recognized. In that 
environment, the type of difficulties caused by solder impurities simply were not recog- 


The gas pockets and blowholes in the specimen on the left result from the outgs 

the occluded nonmetallic impurities Because the nonmetallic impurities affect the flow 
characteristics of the molten solder, in addition to the metallurgical properties of the joint, 
more joints can be made faster, and with less solder, ifthe nonmetallics are removed. Care 
should be taken, however, during the operation of the soldering process to minimize dross 
formation. Otherwise, the resultant buildup of impurities will negate the effects of initial 
impurity removal. 


1. Metallic Impurities Metallic impurities also affect the performance of solder. Common. 
contaminants and their effects are discussed in the following subsections. 


0070 


000 


000 


200 


oo 


0070 


% om 


eS SS ane eee 
Suomisodwiog Aoje-sepjost'St FTSWL 


325/925) 423 


15-6 Soldering 


a. Copper. Copper forms two intermetallic compounds with tin, CusSn and CuSn 
The compounds weaken the solder joint and cause the solder to become sluggish an 
gritty, Since copper is a very common material in the electronics industry, care must be 
taken to minimize contact of the copper with the molten solder. 

Because the copper-tin intermetallics freeze at about 10 to 20°F above the melting p 
of the solder alloy, they can be removed by dropping the temperature to that level a 
scooping out the resultant copper-tin crystals with a special tool. The procedure will y 
remove all the copper, and it necessitates the readjustment of the alloy composition 
tin-rich solder, It should be used only as a stopgap if the pot cannot be ch 
immediately, § 

b, Gold. Gold is readily soluble in molten solder. Although gold was once considered, 
highly solderable surface, it is now recognized that it rapidly embrittles the solder joi, 
and forms a dull grainy fillet. Gold and copper can act synergistically to deteriorate th 
performance of a solder pot rapidly. In addition, the value of gold makes it well wo 
while to monitor the level of accumulation in the solder pot. 

c. Iron. Iron impurities also can be detrimental. Iron forms two intermetallic com- 
pounds with tin: FeSn and FeSn,. The formation of those compounds is more rapid 
high temperatures such as 800°F. Iron surfaces in contact with the solder pot should be 
blued or heavily oxidized to prevent the dissolution of iron in the solder. 

d, Zine. Zinc is one of the most detrimental of solder contaminants. As little as 0.005. 
percent zine will cause grittiness, lack of adhesion, and eventual failure of the joint. O 
materials considered detrimental to the solder alloy are aluminum, magnesium, 
cadmium. Table 15.2 lists the common contaminants and the levels at which they begin t 
affect the soldering operation. 


TABLE 15.2 Solder Contamination 
Contaminant 10Q-S-571-E, % 


Aluminum 
Antimony 
Arsenic 
Bismuth 
Cadmium 
"Copper 
"Gol 
Iron 
Silver 
Zine 
Others 


“Copper and gold combined not more than .300 P 
+} Limits ableton by Federal Specification QQ-S-571-E for acceptable contaminant levels fo 
various metals. 

{Levels of contaminants usually found in new solder delivered from the factory and before any use 
§ Contamination levels which indicate the solder must be replaced for any use. 


Both types of impurities, metallic and nonmetallic, can be found in raw materials frot 
primary sources such as tin mines and reclaimed sources such as solder scrap. With 
chemical refining techniques available today, there is virtually no difference in pu 
between primary or virgin grade material and properly refined reclaimed m 
Therefore, both constitute acceptable raw material sources for solder alloys. No 
which source is used, however, the solder alloy should be processed to remove 
metallic and nonmetallic impurities. 


‘SOLDER FLUX 


The first step in most automated soldering operations is the fluxer or flux pot; but 

the mechanics of the fluxing operation are described, it is essential to understand # 
requirements of the solder flux and the way in which various types of fluxes fill those 
requirements. E 
To form a reliable solder joint, both the board surface and the component lead must Pf 
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free of oxidation and must remain so even at the elevated temperatures used in soldering. 
Also, the molten solder alloy must wet the surfaces of the metals to be joined. Without the 
solder flux, neither condition can be met reliably or economically. The requirements for a 
solder flux can be summarized as follows: the flux must react with and remoye metal 
‘oxides from the surfaces to be joined and prevent the reoxidation of the cleaned surface 
even at elevated temperatures; it must promote wetting of surfaces to be joined by the 
molten solder alloy; it must act as a heat-transfer medium to ensure that the parts to be 
joined reach a temperature high enough to form a metallurgical bond; and finally, it must 
be either noncorrosive or easily removable. 


2. Basic Categories of Flux Solder fluxes can be divided into two basic categories: rosin- 
based and water-soluble. Rosin-based flux has three components: the solvent or vehicle, 
the rosin, and the activator. (For very mild fluxes, the activator is sometimes omitted.) The 
function of the solvent is simply to act as a vehicle for the flux. To be effective, the rosin 
and activator must be applied to the board in the liquid state. That is accomplished by 
dissolving them in the flux solvent. Solvent vehicles can be simple one-component 
systems such as isopropyl alcohol, or they can be complex, multicomponent systems such 
as those used in foaming fluxes. When the flux 

vehicle is a multicomponent system, maintaining it 

properly becomes difficult. Because different com- 36 —_cgoH 

ponents evaporate from the flux at different rates, 

they must be replaced with flux thinners of care- 

fully controlled composition. Most manufacturers 

supply thinners blended to maintain a constant 

composition of the flux vehicle. Maintenance of the 

flux and thinner ratio will be discussed in another CH3 

section of this chapter. 

‘CH(CHs)2 


Fig. 15.3 Typical onganic acid (abietic 


3. Rosin Flux Rosin is a naturally occurring sub- 
pence extracted expt pine steer Ais alent Gt Sai dea catial one TRC IE 
many organic acids, and its purity and composition inisture of many such acids in different 
are difficult to control. The principal constituents, concentrations. 

however, are abietic acid and pimeric acid, the 

structures of which are shown in Fig, 15.3, After 

wsin is extracted from the pine trees, it is given a superficial processing which removes 
undesirable impurities and neutralizes the acid residues remaining from the extraction 
operation. The purified material, called water-white rosin, is then used in the manufacture 
of rosin-based flux. Some manufacturers, in the hope of overcoming the difficulties 
associated with obtaining and processing natural rosin, have chemically synthesized 
substitute materials. Such materials are called resins. 

Rosin by itself is a very weak flux; its ability to remove surface oxides is so limited that 
only exceptionally clean surfaces of high solderability can be joined with it alone. When 
Surfaces require a more active flux, chemical compounds called activators are added to the 
rosin. Activators are thermally reactive compounds, such as the amine hydrochlorides, 
which break down at elevated temperatures and release hydrochloric acid to dissolve the 
surface oxides and tarnishes. The precise nature of the activators used in a given manufac- 
turer's flux is normally a carefully guarded trade secret, but review of the literature on flux 
activators usually provides more than sufficient familiarity with the compounds available. 

«. Design of a Flux. The design of a rosin-based flux is a careful balance of the ratio of 
tosin to activator. If there is too much activator, the flux will be too corrosive and difficult 
to remove; if there is too little, the fluxing action will be impaired. The amount of the rosin 
and activator mixture in the solvent vehicle, called the solids content or density, is tailored 
for the specific application. The higher the solids content of the flux, the more rosin- 
Activator mixture is deposited on the board and the more difficult the board will be to 
clean. To obtain adequate coverage, high-solids-content fluxes are used for boards with 
dense circuitry and small plated-through holes. Single-sided boards with less-dense 
‘Circuitry can use fluxes with lower solids content. That is an important point: the rosin-to- 
&ctivator ratio controls the activity of the flux, not the solids content. Solids content affects 
only the coverage. Thus a high-solids-content flux with a low ratio of activator to rosin may 
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be the wrong choice for a surface with poor solderability. A more appropriate selection 
may be a lower-solids-content flux with a much higher activator-to-solids ratio, 

b. Activity Levels. The activity levels of rosin-based fluxes have been divided into three 
categories: rosin (R), rosin mildly activated (RMA), and rosin-activated (RA). R-type fluxes 
contain no activators. RMA fluxes contain small quantities of activators that for all practical 
purposes are completely inert and noncorrosive after soldering. For that reason, most 
government contracts and some commercial supply contracts require the use of RMA. 
fluxes. RA fluxes contain the greatest quantities of activator and hence are the most active, 


4. Water-Soluble Fluxes Water-soluble fluxes also are used to solder printed circuit assem- 
blies, Water-soluble fluxes are much more active than rosin-based fluxes, and they will 
therefore rapidly and efficiently solder material of even very poor solderability. However, 
because they are so active, they are extremely corrosive and must be thoroughly and 
rapidly removed. Water-soluble fluxes are mixtures of compounds like glutamic acid 
hydrochloride and aniline hydrochloride in a solvent vehicle. In some cases, activators 
quite similar to those in rosin-based fluxes are used, but in much higher concentrations, 

A common misconception concerning water-soluble fluxes is that the solvent vehicle 
itself is water. Although water can be used as the vehicle, it results in a flux which spatters 
and is quite difficult to use. More commonly, the solvent vehicle is an alcohol system 
similar to the systems used for rosin-based fluxes. Small quantities of water are sometimes 
added to multiple-component systems to aid in solubilizing the activator. The term 
“water-soluble flux” refers to the fact that the residues are generally water-soluble, 
Although that is true for very long rinse times and elevated rinse temperatures, it is better 
to neutralize the residues with ammonia water or a similar neutralizing agent. Neutraliz- 
ing the residues greatly increases solubility in water. That will be discussed in detail 
in a later chapter. 


5. Application of Fluxes Solder fluxes must be applied to the underside of the board in the 
most effective and economical manner possible. The resultant flux coat must be uniform 
and must thoroughly cover the areas to be joined. An excessive amount of flux not only 
presents a fire hazard if it drips on the hot preheater but also is wasteful and ineffective 
and greatly increases the work required to clean the printed circuit assembly. No matter 
how the flux is applied, an air knife or adjustable squeegee should follow the flux pot to 
remove excess solder flux. 

For all practical purposes, most automated solder machines in commercial use apply 
the flux by using one of these techniques: wave, foam, brush, spray, or dip. Of those 
techniques, wave and foam fluxing are the most popular, and they will therefore be 
discussed in more detail. 

a, Foam Fluxer. A foam fluxer consists of a sump and a long high nozzle which contains 
a porous s pical arrangement is shown in Fig. 15.4. The nozzle, called a chimney, 
shapes and constrains the foam head. The pump of the fluxer is filled with flux until the 
porous stone is about two inches below the surface. Air is pumped into the stone, and the 
foam head rises out of the chimney to meet the underside of the assembly. To prevent 
contamination of the foam flux with oils and water from the air lines, the inlet lines must 
be fitted with filters and traps. The pressure of the air line should be regulated to cont 
the pressure and volume of air being passed through the stone. A nominal pressure of 3 
5 lb is normally ample. The air line should also have a needle valve to adjust the aif 
volume precisely and thereby control the quality of the foam head. ‘The use of a fom 
fluxer allows a thin uniform layer of flux to be placed on the board surface. The foam fluxer 
is particularly effective when the assembly to be soldered has a lot of plated-through 
holes. Apparently the action of the bubbles bursting within the through hole is one of the 
most effective ways to distribute ux on such structures. 

b. Wave Fluxer. A wave fluxer consists of a sump and a nozzle similar to the one in the 
foam fluxer. In a wave fluxer, however, the flux is pumped through the nozzle to foun 
standing wave of flux. The parts to be fluxed are passed over the top of the wave. THE 
method provides less control over the amount of flux deposited on a printed board, but it 
is quite adequate for high-speed board production. 

¢. Spray Fluxing, Spray fluxing is another technique used for depositing flux on a boat 
surface, It has the advantage of very precise control over the quantity, uniformity, a™ 
location of solder flux, but it is a very messy technique and is subject to frequ‘ 
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maintenance. Fluxes used in this operation must have a very volatile solvent system, That 
makes them expensive and very difficult to control. Unless the precise control over flux 
deposition parameters afforded by the method is absolutely necessary, the foam fluxer 
may offer a more attractive alternative. 

d. Brush and Dip Fluxing. Brush- and dip-fluxing techniques are self-explanatory. They 
are fairly gross techniques and are not readily adaptable to high-speed or high-volume 
work. 


Fig. 15.4 Typical foam flux applicator (Electrovert, Inc.) 


6. Fluxer Maintenance The key to proper flux application and performance is regular 
maintenance. As mentioned previously, fluxes that incorporate volatile vehicles such as 
alcohol must be periodically thinned to make up for solvent evaporation. Thinning must 
be done several times during a normal production shift. The most convenient way of 
pone it is to monitor the specific gravity. The procedure for replenishing the flux pot is as 
follows 

1. Bring the flux in the pot back to the proper specific gravity by diluting it with the 
Hapa thinner. Specific gravity information is normally found on the manufacturer's 
data sheet. 

2. Add new flux to the system to bring it back up to the proper level. 

It is also important to completely empty the flux pot at periodic intervals and fill it with 

a fresh change of flux. That minimizes the effect of drag in contaminants and is fairly 
inexpensive preventive maintenance. Depending on production conditions, it should be 
done once every 30 to 40 h of operation. All parts used in the construction of a fluxer 
should be acid-resistant material. Stainless-steel or polypropylene is often used for the 
Purpose, 


PREHEATERS 


Before the solder flux can become effective, chemical reactions must take place within the 
flux to release the acidic activators. These chemical groups then react with the metal 
oxides to remove those oxides from the surface to be soldered. To initiate the reaction, the 
flux must be heated to what is called the activation temperature; for most rosin fluxes, it is 
about 190°F. If only the solder wave is relied upon to heat the flux to that temperature, the 
time in the wave is extended by the additional time required for the flux to clean the metal 
Surfaces. A more palatable approach is to heat the flux to the activation temperature prior 
to the time it enters the wave. 

Preheating of the assembly offers other benefits. In most fluxes a large portion of 
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volatile material will still be retained in the rosin when the assembly reaches the solder 
wave. Some organic acid fluxes contain water, which also is a relatively volatile compo- 
nent. If the boards are soldered in that state, the heat of the solder pot will rapidly 
volatilize the solvent and cause spattering and blowholes in the solder joint. By preheat. 
ing the board, the excess volatiles are driven off, and that eliminates potential problems in 
the solder wave. If the flux contains water, the preheat temperature must be higher than it 
would have to be if it contained a more volatile solvent such as alcohol, 

Preheating minimizes the thermal shock of the soldering operation by providing amore 
gradual increase in the temperature of the assembly. It thereby minimizes warpage of the 
board and moderates thermal stresses which could affect the mechanical integrity of the 
assembly. Preheating also minimizes the danger of damage to heat-sensitive components, 


7. Types of Preheaters Two basic types of preheaters are in widespread commercial use; 
they are the radiant preheaters and the volumetric preheaters. Radiant preheaters can be 
further divided into two subcategories: 
long electrically heated rods such as the 
Calrod type shown in Fig. 15.5 and flat- 
plate sources such as the one shown in Fig, 
15.6. 

a, Radiant Preheaters. Radiant preheaters 
transfer heat almost entirely by radiation; 
the temperature on the underside of the 
board is controlled by the heater temper- 
ture and the distance between the heater 
and the underside of the board. To increase 
their efficiency, heated-rod-type systems 
are provided with reflectors which focus 
the heat energy on the underside of the 
board. The reflectors are lined with alumi- 
num foil, which can be changed regularly. 
Flux drippings, therefore, do not presenta 
major maintenance problem. Plate-type 
heaters, on the other hand, are situated 
under the conveyor in close proximity to 
the board surface. That greatly enhances 
the efficiency of the heat transfer between 
the plate and the board, Flux which drips onto plate-type preheaters must be regularly 
removed to eliminate the danger of fire and maintain the efficiency of the preheater. 

b. Volumetric Preheaters. Volumetric preheaters pass a controlled volume of heated air 

ross the underside of the board. Heat transfer is primarily by conduction and conve 
tion, The forced air currents aid in the rapid elimination of solvent vapors from the 
underside of the board. Volum s are preferred when plated-through-hole 
boards are used, bes is often shielded from straight-line contact 
with radiant sources. That is particularly important in the case of multilayer boards. Many: 
commercial applications use both techniques—a volumetric preheater to eliminate excess 
solvent followed by a flat-plate radiant heater to maintain the proper temperature. 


Fig. 15.5 Calrod 
Engineering). 


SOLDER POT 


‘The solder alloy is contained in a large reservoir called the solder pot, and the solder patis 
heated electrically to maintain the solder in a molten state. The pot should be well 
insulated and should have sufficient heating capacity to maintain the alloy temperature 
adequately. Since soldering is a time- and temperature-dependent phenemonon, accurate 
regulation of the heat input is essential. To control the temperature effectively, many 
solder pots have a powerful bulk heater to melt the metal rapidly and a smaller regulat 
heat supply to control the temperature thermostatically. The smaller heater also prevents 
thermal loads, such as the printed board, from affecting the pot temperature seriously: 
course, another approach is to maintain a very large volume of solder at the appropriat® 
temperature. 
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Heater placement in the solder pot also is important. Heaters must be so placed that the 
solder heats uniformly and there are no hot spots. The temptation to heat only the bottom 
of the pot and not the sides is great, but it should be resisted. Careful consideration of the 
initial melting pattern of the solder is necessary. If the solder at the bottom of the pot 
melts and the surface remains intact, large stresses are built up as the molten solder 
expands, Ifthe stresses are not relieved by melting the metal in the surface, they can build 
to such a level that an area on the surface will rupture and molten metal will be propelled 
in a fountain several feet high. That is a very dangerous condition, To avoid it, the sides of 
the pot also should be heated. That applies equally to small dip pots and the larger pots 
used for automated soldering of assemblies, such as the one shown in Fig. 15.7. 

When the solder pot is used in conjunction with a pump and a nozzle to make a solder 
wave, there are several other commonsense considerations. The pump should be pro- 


Fig. 15.6 Flat-plate radiant preheater with forced-air convection unit (Electrovert, Inc.). 


vided with a safeguard such that it can’t be operated until the metal is molten, The volume 
of the pot should be great enough that, when the wave is operational, the solder level will 
not be affected substantially. The pot should be easy to drain and refill with a new solder 
charge, and all parts should be easily accessible for regular maintenance, 

All parts of the solder pot which come in contact with the molten metal must be made of 
metals which are not readily wetted by the solder and which will not dissolve in the 
solder and contaminate it. The most common alloy for that purpose is stainless steel. All 
fools used to maintain the solder pot, such as dross skimmers, sampling scoops, and 
Perforated paddles, should also be made of stainless steel. Cleaning the inside of the 
solder pot with a wire brush prior to adding a new charge of solder should be avoided. 
The wire-brushing operation imbeds contaminants in the wall of the solder pot and 
Creates an iron-rich dust which is difficult to remove. Both the dust and the iron-rich 
particles imbedded in the wall will rapidly contaminate the new solder charge. 

v brushing can cause damage to a cast-iron solder pot also. Cast-iron pots are 
normally heavily oxidized to prevent the iron from being dissolved by the tin in the 
molten solder. Wire brushing or similar abrasive cleaning and scraping can damage the 
integrity of the oxide layer and expose a potential source of iron contamination to the 
Molten solder. 


DROSS FORMATION AND CONTROL 


“Dross” is the name given to the layer of metallic impurities on the surface of the solder 
Pot. It is composed of the oxides of tin and lead formed either on initial melting or on 
Contact of the molten metal with air. Dross formation is principally a function of solder pot 
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design, i.e., exposed surface area on the pot, turbulence of the wave, etc. There is, 
however, a tendency for dross to be self propagating. The more dross in the solder pot, the 
more likely it is that dross will continue to form. Therefore, dross should be removed on a 
regular basis (at least once per shift), and new solder should be added to make up for the 
removed dross. 


Dross is harmful to the soldering process and the solder wave. If the dross layer 
becomes thick enough to be pulled into the solder pump, it will rapidly abrade the 


Fig. 15.7 Wave-Solder pot with nozzle and automatic solder level control (Electrovert, Ine). 


impeller and increase maintenance costs. Dross in the wave results in a bumpy uneven 
wave with excessive turbulence. If the dross particles are small, they may become 
occluded in the solder and produce a dull grainy joint. Larger particles of dross may 
adhere to the bottom of the board and contribute to webbing and bridging. 

Dross formation can be minimized by using a blanket, such as rosin or oil, to reduce the 
amount of exposed solder surface area. When solder blankets are used, however, it 8 
important to change them on a regular basis. Rosin-based blankets should be changed 
after 4 h of use; soldering oils can be used for 8 to 16 h before they need to be changed. 


SOLDER WAVE DYNAMICS 


One of the most critical but least understood variables in the automated soldering 
machine is the design of the solder wave. Historically, the solder wave was considered 
little more than a fountain of solder which supplied the molten alloy to the joint area. That 
was, of course, the logical extension of the drag-and-dip soldering operation. As the 
industry matured, it became apparent that the dynamics of the solder wave contribut 
greatly to the formation of smooth shiny joints that were free of webbing and icicling. T° 
understand the importance of wave dynamics better, it is necessary to examine 
constraints imposed by the use of automated soldering. Because of the high temperatures 
involved, the printed board should not be exposed to solder bath too long. However: © 
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ensure formation of a good metallurgical bond, the board must remain in contact with the 
solder long enough to bring the joint areas up to the proper temperature. Molten solder 
moving past the underside of the board induces a scrubbing motion in the joint area which 
greatly aids the fluxing action. To aid in the scrubbing action, the solder wave should have 
maximum contact time with the board; but to minimize dross formation, the wave must 
have minimal contact with the air. To minimize icicling, the board should be moving at 
zero velocity relative to the solder when it leaves the wave. All these apparently conflict- 
ing requirements must be satisfied if optimum performance of an automated soldering 
process is to be attained. 

In addition, the solder wave must be even and smooth enough to contact the entire 
board surface as the board passes over the solder wave. An uneven wave could cause 
molten solder to pass over the board, rather than under it, and thereby ruin the assembly. 


7 


Fig. 15.8 Typical multiple-wave soldering scheme (From RCA Corporation, by permission). 


Dross formation must be minimized because dross accelerates wear of the solder-pump- 
ing system and causes an uneven wave. Excessive dross formation also promotes tin 
depletion and consumes inordinately large quantities of solder. From those conditions it’s 
easy to see that the solder wave is much more than a fountain of molten metal. 


8. Types of Solder Waves Many solder wave systems, each purporting to optim 
above list of constraints, have been marketed. They can be divided into two class 
unidirectional (all solder flows in one direction) and bidirectional (solder flows in both 
directions). Some variations of the bidirectional system offer extenders to broaden and 
flatten the wave on the trailing side. We will discuss one such nozzle in detail later on. 
4, Unidirectional, Variations of the unidirectional scheme have included a multiple- 
ascade such as the one shown in Fig. 15.8 and a ‘ching stream of molten solder 
called a solder jet. Neither technique is seen on newer machines. 
ctional. ‘The most commonly used system is the bidirectional wave. Because of 
city profile on the surface of the wave, the bidirectional solder wave can be 
-d to minimize icicling. Since solder is flowing both forward and backward in the 
vave, it follows that there will be an area of zero velocity on the surface of the solder, The 
Velocity profile of the flowing solder in the vicinity of the zero-velocity line is critical to 
the formation of icicle-free joints. 
The bidirectional wave is formed by pumping the molten solder into a nozzle with a 
'arge plenum chamber. The resulting head of solder rises up through the lip of the nozzle 
to form the solder wave. The contour of the nozzle controls the shape of the solder wave 
and hence the wave dynamics (Fig. 15.9). Baffle screens can be placed in the nozzle to 
©nsure laminar flow and a smooth wave. To minimize dross formation, the solder from the 
Wave must be retumed to the pot without excessive turbulence. Two schemes are 
formally used to accomplish the return. In the wave shown in Fig, 15.10 sluice gates are 


w 
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placed at the outside of the nozzle. The sluice gates return the solder to the pot below the 
surface level, and so the surface remains undisturbed. If sluice gates are not used, the 
other alternative is to retum the solder to the pot via gradually sloping ramps, 
minimizes surface turbulence, but it requires slightly more surface area than the sluice 
gates. 
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Fig. 15.9 Cross section of a nozzle on an automated solder wave. The large plenum on the nozzle iy 
designed to provide smooth laminar flow through the nozzle (Hollis Engineering). 


9, Surface Tension of Molten Solder after Bidirectional Waves To understand how a bidire 
tional nozzle minimizes icicling, we must first understand the phenomenon of surface 
tension and its relation to wetting. Surface tension forces make liquids such as molten. 
solder and water form into beads or droplets when they are incapable of wetting a surface, 
They control how well a surface “likes” a given liquid; hence they control how well 


Fig. 15.10 Solder nozzle with sluice gates to minimize dross formation on the pot (Hollis Engi 
ing). 
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solder wets the fluxed copper. In Fig. 15.11 we see a printed board passing over a 
bidirectional wave. The solder has wet the board surface and is being pulled from the 
solder wave in the form of a web. The size of the web is controlled by the surface tension 
of the solder, the velocity profile at the point where the wave contacts the web, and the 
weight of the molten solder in the web. 

‘As the web becomes larger, it becomes more difficult for the surface tension forces in 
the molten wave to pull the excess solder back into the wave. At some critical web size, 
surface tension forces cause the web to separate; and if the excess solder has not been 
pulled back into the wave, an icicle is formed. From this very crude model we can see that 
our task is to minimize web formation by altering either the surface tension of the solder 
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Fig. 15.11 Printed board passing over a typical solder wave. Note the tendency to pull a web of solder 
from the wave as the board passes over (Alpha Metals, Inc.). 


or the velocity profile of the wave at the point where the web occurs, That can be done in 
several ways. The surface tension of the solder is affected by the temperature of the 
solder. Higher temperatures will result in a lowering of the surface tension forces. The 
result, however, may be damage to heat-sensitive components, and the heating will not 
Significantly improve the surface tension of the solder. Surface tension can be reduced by 
injecting oil into the solder wave. That will be discussed in detail later on. 

The size of the web can also be decreased by inclining the conveyor. The friction 
Coefficient of the solder is about 3°, so inclining a conveyor at 4 to 9° will aid in causing the 
Solder to peel back more rapidly. Another technique which has been used is to shape the 
Wave in such a way that it becomes quite wide, The wide wave, when used in conjunction 
with an inclined conveyor, allows the board to exit from the solder wave at or near the 
zero relative velocity point. That allows sufficient time for the surface tension forces to 

raw the web completely back into the solder wave. Figure 15.12 shows a nozzle which 
Was designed by using that approach. Note also in this figure that the board is initially 

reed to contact the wave at a point of high velocity; thus the scrubbing action of the 
tolten solder also is optimized. Several other features of this type of nozzle design are 
Noteworthy. Since the shape, and hence the velocity profile, of the wave is controlled by 
Positioning the baffles on the front of the nozzle, a region of zero velocity which covers a 
substantial portion of the front of the nozzle is created. Hence the board can be made to 
mit the wave at a zero relative velocity point for a wide range of inclination angles. After 
the board exits from the wave, its close proximity to the hot solder causes a postheating 
effect which aids in minimizing icicle formation. By using this type of nozzle, icicle-free 
Soldering has been successfully accomplished at conveyor speeds in excess of 20 ft/min, 
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SOLDERING WITH OIL 


Oil has commonly been used in soldering systems to reduce the amount of dross formed. 
on the molten solder. The oil forms an insulating blanket which prevents contact of the 
molten solder in the pot with the air. Automated soldering systems which inject the oj] 
into the solder wave at the pump impeller also have been perfected. The oil is dispersed 
uniformly through the wave and greatly reduces the surface tension of the molten solder. 
It also reacts with the tin and lead oxides which make up solder dross to form tin and lead 
soaps. That reduces the abrasive action of solder dross on the pump impeller and 
minimizes dross in the solder wave itself. 

From the preceding discussion it should be apparent that the real reason for mixing oj] 
with molten solder is to reduce the surface tension between the printed board and the 
molten solder at the point where the board departs from the wave. This effectively 
minimizes the solder web and eliminates icicles. Proponents of oil intermix systems have 
pointed out several other “processing type” benefits that can be obtained. The solderjoint 
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Fig. 15.12 Lambda Wave; the system is designed to ensure exit conditions of zero velocity from the 
solder wave (Electrovert, Inc.). 


is coated with oil when it leaves the wave. The coating prevents oxidation and results in 
brighter and shinier joints which are easy to insp. ince the tendency for icicling has 
been minimized, conveyor speeds can be accelerated and process throughput is 
increased. Lowered surface tension increases the ability of solder to wet copper pads on 
the circuit board, and the temperature of the solder wave can therefore be redi 
substantially (20°F) without affecting joint formation. When oil is applied in proper 
amounts, it can assist in solubilizing rosin residues and thereby aid in the cleanup of the 
finished assembly. 

According to a different, and somewhat more conservative, school of thought, soldering 
with oil results in inclusions of soldering oil in the solder joint. The oil in the inclusions 
could affect the mechanical and electrical properties of the joint and could be a source 
corrosive acidic residues. The critics also point out that soldering with oil results m 
messy, oil-coated assembly which is difficult to clean effectively. When soldering is witt 
oil, cleaning is a necessity. 

The key to effective use of soldering oil is process maintenance. The soldering oil must 
be changed on a regular schedule to prevent its degradation and carbonization. # 
ized oil in the solder wave negates most of the advantages that can be obtained by using 
oil. The soldering machine and the machine area must be kept spotless. Oil spills and the 
results of similar small handling accidents should be cleaned up before the cumul 
effects tum the area into a pigpen. Finished mblies should be cleaned as soon aS 
are processed, and the assemblies should be inspected to make sure all oil is rem 2 


TIN DRIFT 


One other subject which is of interest to companies using antomated soldering is tin dita 
the slow depletion of tin in a solder pot as the pot is used. Tin drift can be 


Solder Material and Process 15-17 


troublesome when compositions at or around the eutectic must be maintained. It occurs 
because tin is easier to oxidize than lead and dross formation is therefore biased toward 
the formation of tin oxide rather than lead oxide. Basically, the reaction is as follows: 


2Pb + O, > 2PbO 
2Sn + O, > 2Sn0 
Pb + Sn + O.—> PbSnO, 
PbO + SnO-> Pb + SnO, 


When soldering oils are used, the reaction is somewhat different but the results are 
generally similar. Tin drift can easily be corrected by replenishing the solder pot with 
solder that is slightly tin-rich. Another, and probably more palatable alternative, is to use 
tin ingots or tin bits to bring the solder pot back to specification. 


Fig. 15.13 Finger conveyor for holding printed boards in an automated soldering system without the 
need for pallets. Boards are held in place by the spring tension of conveyor fingers (Electrovert, Inc.). 


CONVEYOR 


Another parameter which should be considered when an automated soldering system is 
designed is the conveyor. It controls the speed at which the boards are passed through the 
Process; hence it controls preheat time and temperature and dwell time in the solder 
Wave. Conveyors are available in two basic types: the pallet type in which boards are held 
in carriers or holders, and the finger type in which boards are held in spring fingers. 
Finger-type conveyors can be adjusted to accommodate the width of the board; they can 
automatically discharge boards at the end of the process; and they are easier to load. 
Figure 15.13 shows a typical finger-type conveyor. Both pallet- and finger-type conveyors 
are available in either horizontal or inclinable models. 


AUTOMATED SOLDERING SYSTEMS 


we have discussed each segment of the system in great detail; only postsoldering 

‘ing has been omitted because it is covered in another chapter. Most manufacturers 
sell complete systems rather than just component parts. Whenever possible, it is advisable 
to purchase a complete system and assure yourself that it is properly engineered and 
integrated into your entire process. Most automated soldering systems also contain 
Provisions for adequate ventilation and proper employee protection. In today’s legal and 
©cological environment, purchasing a complete system from a single manufacturer is an 
©xtremely effective way to shift a major portion of the burden of complying with federal 
and state regulations onto the machine manufacturer, Figure 15.14 shows two samples of 
‘ical automated systems which are commercially available. 
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HAND SOLDERING 


10. Soldering Irons Although the great majority of solder joints are formed during the 
automated soldering operation, there are still many instances in which manual solderi 
techniques are essential. Individual joints may be faulty and therefore require repair and 
touch-up at a manual-soldering station. Heat-sensitive and solvent-sensitive components 
may need to be hand-inserted, or defective components may need to be replaced, 


(a) 


(b) 
stems. (Courtesy (a) Electrovert, Inc. and (b) H 


Fig. 15.14 ‘Typical automated solder 
Engineering.) 


Therefore, a knowledge of manual-soldering techniques is essential for the printed ciret 
processing engineer. Manual soldering is accomplished with a soldering iron 
depending on the application, a length of wire or core solder or a solder preform. 
function of the soldering iron is to transfer heat to the joint area rapidly and i 
Because of the wide variety of joint configurations and joining problems, there are may 
different sizes and types of soldering iron and tips. To help you evaluate your partict 
job and requirements, some of the important considerations in selecting a soldering 
are outlined below: 

a, Wattage. This refers to the power consumption of the soldering iron. It is a 


coarse measure of the total amount of energy available for heating the soldering iron 5P* 
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All other things being equal, an iron with a higher wattage will have a higher soldering 
temperature. 

b. Maximum Tip Temperature. This is the steady-state or equilibrium temperature of the 
soldering iron tip. A properly designed iron should maintain a constant tip temperature 
when operated at its rated voltage. 

c. Heat Content of the Iron, Heat content is a measure of the thermal bulk of the 
soldering iron, the amount of thermal energy that can be stored by the metallic compo- 
nents of the tip. The heat content must be carefully matched to the job. If the iron is too 
small, the heat drain caused by making a single joint will lower its temperature below that 
necessary for making the next joint. Valuable production time will thea be lost in waiting 
for the iron to reheat. If the heat content is too high, excessive heating of the components 
may cause damage or degradation of some of the electrical components. 

d. Recovery Rate. The recovery rate is a measure of the recycle time of the soldering 
jron, it is the time necessary to reach the equilibrium tip temperature after a single joint 
has been made. Obviously, the recovery time is a function of wattage, heat content, and tip 

yeometry. 

4 e pale of Irons. In practice it is not feasible to maintain a diverse inventory of 
soldering irons and tips to match each production situation, nor is it anything but naive to 
think that a single iron and tip will cover all requirements. Therefore, compromises must 
be made in the interest of economy and efficiency. The following general guidelines 
should be considered when soldering irons are selected for individual applications. 
The caloric requirements of the work, This parameter depends on several other 
variables: the solder alloy and flux used, the thermal properties of the base metals, and the 
geometric configuration of the joint. 

2. The production environment in which the tool is to be used. The number of joints 
to be produced per unit of time, the human factors involved in handling the tool, and the 
limitations imposed by the assembly to be soldered are important considerations. 


11. Tip Selection Careful tip selection is just as important as proper iron selection. As a 
matter of practice, the tip should be evaluated in conjunction with the soldering iron to be 
used. Soldering irons with equivalent wattage ratings but different efficiencies will yield 
diflerent tip temperatures when used in conjunction with the same tip. There, it is 
essential that the soldering iron and tip be evaluated as a system. The following guide- 
lines will aid you in the selection of your soldering iron tip. 

L. Select a configuration that affords maximum contact between the tinned areas on 
the work and the soldering iron tip. That maximizes the heat transfer between the iron 
and the work. 

2. Selecta tip that will facilitate the manual work of gaining access to the solder joint. 
For example, in some cases the use of a right-angle tip greatly simplifies the manual- 
handling problems. 

BS The taper of the tip should be as short as possible to achieve optimal heat transfer 

to the tip. 

4. Select the shortest reach available to minimize wobble and thermal loss due to 
convection heat transfer, 
. The diameter of the shank determines the heat transfer between the elements of 
phe iron and the tip. The larger the diameter, the better the coupling between the iron and 

he tip. 

6. The life of bare copper tips is short, and the cost of maintaining a copper tip’s 

shape is relatively high. Iron-clad tips, on the other hand, have much longer lives, but 
¢y cannot be filed or shaped. 


SOLDER PREFORMS AND SOLDER CREAMS 


We have shown that solder joints can be made easily, reliably, and rapidly through the use 
of automated soldering equipment. However, there are applications and designs which 
Simply are not compatible with wave- or dip-soldering techniques. They may be encoun- 
tered when the circuit assembly is nonplanar or when the proximity of sensitive compo- 
Rents makes the use of a hot soldering wave impossible. If, in addition, we broaden the 
definition of printed board to include the ceramic substrates used in microcircuit assem- 

'y, then the automated techniques previously described simply become inapplicable. 
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For such applications, techniques based on either solder preforms or solder creams are 
often the most useful. In this section we will discuss both the nature and application of 
such materials. However, because of the inherent versatility and flexibility, we can 
provide only a few insights into the properties of the materials and a small cross section of 
typical applications. Your imagination and your own possible applications will soon 
provide you with an estimate of the design flexibility and cost-saving advantages of solder 
preforms and creams. 


12, Stamped Preforms Solder preforms are precision-manufactured solder parts made to 
the exact shape desired for an application. Typically, they are punched from a strip of 
solder alloy by using either a standard-shaped die such as a disk or washer or a die which 
has been custom-manufactured for some specific application. Obviously, the cost of each 


Fig. 15.15 Solder preforms can be stamped in a variety of shapes and sizes. Preforms simplify 
complex handling problems (Alpha Metals, Inc.). 


part is significantly higher if a custom-made die is necessary. Some typical stamped 
preforms are shown in Fig. 15.15. 

Some solder manufacturers will also supply preforms stamped from laminated metal 
systems such as copper-solder or solder-copper-solder. Continuous strips of those mate 
rials systems are made by soldering the molten solder alloy onto one side of a copper de 
and then skiving the solder alloy to the desired thickness. Preforms made from 
material systems : j i 
examination, For joining problems involving difficult surfaces such as heavily tami 
copper or nickel, the copper segment of the preform will provide a solderable surface in 
close proximity to the joint. Thus the solder will be retained in the joint area until the flux 
can activate the surfaces to be joined. Without the solderable surface to retain it, the” 
molten solder might have dewetted and moved to another area of the assembly. In some 
instances the parts to be joined may have excessive tolerances that will produce a i 
area that cannot be filled by the molten solder. In that case the copper core can act like # 
bridge or filler to maintain the integrity of the joint. 

Preforms can be supplied with or without flux. The flux can be an integral part of the 
preform—that is, the preform can be flux-filled, or it can be coated on the outside of the 
preform in a subsequent manufacturing operation. In the case of the flux-filled preform 
the strip from which the preforms are punched is made from a flattened piece of CO 
solder. This results in a sandwich structure that has flux in the center and solder alloy 0 
the outside. Preforms made from this type of material offer the advantage of very precis® 
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control over the final dimension of the part. The other side of the coin is that the flux is not 
released until after the metal is molten. In some applications that could be a disadvantage. 
‘When precise dimensional control is not essential, itis a simple matter to coat the preform 
with flux. The flux coating results in a dull powdery appearing surface. ; 

Solder preforms offer a number of advantages. They not only provide solder in a 
carefully controlled shape to aid in joint formation but also provide a controlled volume of 
Silder alloy. The use of a solder preform also allows complete control over the placement 
of the solder alloy, which ensures that the joint is formed in areas specified by the 
designer and nowhere else. Considerations such as these lessen dependence on operator 
skill and judgment in the assembly of electronic equipment and put control in the hands 
of the designer. 


Fig.15.16 Typical solder spheres, The spheres contain pre 
easily handled (Alpha Metals, Inc.). 


sely controlled volumes of solder and are 


13. Solder Spheres Another type of solder preform which should prove quite useful is the 
solder sphere. Solder spheres are made by using one of two basic techniques. For large 
spheres, a wire of the desired alloy is chopped into small segments that contain the proper 
volume of solder. The segments are spherized by passing them through a bath of hot oil 
maintained at a temperature above the melting point of the solder. While the segments are 
Passing through the heated section of the column, they melt and surface tension forces 
cause them to become spherical; and when they reach the cooler sections of the bath, they 
solidify as spheres. For smaller spheres, the molten solder is sprayed into an oil bath from 
nozzle with a very small orifice. The technique can yield extremely small spheres, but 
the spheres must be sorted carefully in order to have them uniform in size. Some typical 
Solder spheres are shown in Fig. 15.16. 


14. Handling of Solder Preforms Solder preforms can be placed in position by using a 
variety of methods. For high-speed or high-volume applications, they are normally 
Positioned on special tools or fixture which are loaded by using a linear or rotary vibrator 
feeder. In this type of equipment, the preforms are loaded into vibrating bins or hoppers. 

he bins are structured in such a way as to accept the preform at the loading point only 
When it has vibrated to the proper altitude for dispensing. Preforms with a flux core or no 

‘ux at all are more suitable to these applications than are flux-coated preforms. The latter 
will lose some of their coating in the hopper, and the resultant dust will gum up the 


xtures and adjacent machinery. Figure 15.17 shows some typical vibratory feed 
apparatus. 
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For applications in which the symmetry and spacing can be controlled appropriateh 
preforms can be manufactured in “daisy chains” that is, connected to one another pe ‘ 
symmetrical pattern. The operator can then simply take a precut length of daisy chain andt 
Position it on the assembly. When the preforms are heated, the connections will melt and 
wet into the appropriate joint. Examples of where such a technique would be applicable 
are pins from a plug-in connector or the wire wrap pins common to many forms of 
electrical assemblies, ps 

Many types of specialized jigs and fixtures have been designed for manual placement of 
preforms. A common technique which is often used with disks and washers is the “shuffle 


Fig. 15.17 Vibratory feeder for loading solder preforms (Alpha Metals, Inc.) 


board.” With the shuffle board, a large quantity of preforms is placed at one end of the 
fixture. The preforms are then pushed or brushed across the fixture plate in such a way 
that one preform drops into each hole in the plate. A retaining plate is then secured on the 
fixture and the loaded jig is moved to the assembly are: 

A variation of the shuflle board technique is often used for loading solder spheres. In 
the vernacular, it is called the seesaw, and the author has also heard it called a pinball 
machine. Quite simply, it consists of two wells, one on either side of the fixture plate. The 
fixture has a pivot in the center so it can be tipped back and forth like a seesaw. The solder 
spheres are rolled across the fixture plate each time the fixture is tipped until the holes im 
the fixture are loaded. 

Manual placement of the solder preform can be accomplished by using tweezers, hand 
tools, and small vacuum pickups. The methods normally require some operator skill and 
judgment, to say nothing of a steady hand. 


18. Solder Creams Solder creams are mixtures of finely powdered solder in a viscous 
vehicle. The vehicle contains the fluxing agent, and it controls the flow properties of the 
solder cream. Solder creams can be manufactured either with rosin-based or water 
soluble fluxes, so they can be used in any application which requires a solder joint 
Because of the many unique ways in which ithas been used, solder cream is considered t® 
be the most versatile method for soldering unusual assembly configurations. Solder 
cream, in fact, can be used as a fluid preform capable of being shaped and molded to fit the 
application. Solder creams can be cured in place and stored for several days before 

joint is flowed to make the bond. They can be used as a kind of viscous putty to hold 
‘components in place until the reflow operation. Because they can he applied equally well 
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to planar and vertical surfaces, they can be used to overcome some of the fixturing 
problems inherent in preforms. 

The manufacture of a solder cream is a fairly sophisticated operation because of the 
tremendous number of variables which affect properties and performance. The viscosity 
of the final solder cream is a function not only of the viscosity of the base or vehicle but 
ulso of the particle size distribution, the amount of metal in the cream, and the shape and 
cnrface roughness of the individual powder particles. Variations in the properties of the 
ream caused by variations in the parameters may not affect some of the grosser applic: 
tions, but they are critical to the reliability and reproducibility of many of the microele: 
tric joining applications. Because an understanding of the importance of those parameters 
js critical to the proper use of solder creams, we will discuss each parameter in turn and 
try to show the interrelations among the factors. 

“g. Alloy Powder. Solder powder is made by blowing molten solder alloy through a small 
nozzle into a cooling liquid in much the same way solder spheres are made. Because of 
the manufacturing method used, a large variation in particle size distribution is unavoida- 
ble. The size variation results in even greater variations in the actual surface area of solder 
alloy for a given standard volume of solder powder. In particular, the presence of a large 
number of very fine particles, called fines, greatly increases the actual su: area of the 
given standard volume. 

To separate the powder, or, more appropriately, to grade it, two methods are normally 
used. In the first method, called an air separator, the particles are introduced into a stream 
of air and are carried distances dependent on their masses. Bins placed along the stream 
collect particles of various sizes. The method is tedious and expensive, but it is highly 
eflective. The second method is probably more commonly used, It involves the use of 
various grades of sieves to sort the particles. When the system is used, the powder is 
classified by the smallest screen mesh through which it has passed. 

b. Flux and Vehicle. The properties of a solder cream are also to a very great extent 
dependent on the properties of the vehicle and flux mixture; it is those properties that 
make the solder cream so versatile. Depending on the application, solder creams that cure 
in place can be obtained; i.e., they dry to a nontacky finish and can be handled after 
deposition. To aid in deposition, the solder cream can be formulated to be thixotropic, i 
shear thinning. That means they will run freely when a force is applied to them during 
deposition; but when the force is removed, they remain in place as thick viscous 
amalgams of solder and flux. Thus solder creams can be easily and rapidly deposited on 
the parts to be joined. Then, if desired, they can be cured and handled during subsequent 
operations and finally reflowed to form the final coating. 

The viscosity of the solder cream is affected by the amount of metal in the cream. The 
more metal added, the more viscous the cream will be. However, as can be seen in Fig. 
15.18, the relation between metal content and viscosity is nonlinear. A typical commercial 
solder cream will contain about 80 percent by weight of metal powder and have a 
Viscosity in the 300,000- to 400,000-cP range. 

¢. Application of Solder Creams. One of the most popular methods for applying solder 
cream is by screening. In the technique, shown in Fig. 15.19, a stainless-steel screen 
which conforms to the desired pattem of solder cream is made. The part is placed under 
the screen, and the solder cream is forced through the screen by using a squeegee. The 
method is similar to silk screening. Screening can be used as a fairly gross technique, or it 
ean be an accurate, precise way of depositing solder creams. 

Solder cream can also be applied by using pneumatically operated dispensers which 
meter out precisely predetermined amounts of solder cream. A typical dispenser is shown 
in Fig. 15.20. Pneumatically controlled dispensers are capable of placing a 0.015-in dot of 
solder cream on a representative part, an attribute which has made them most useful in 
the fabrication of microcircuitry. For applications which do not require the precise 
Metering control of a pneumatic dispenser, a manually operated syringe or even a plastic 
ketchup bottle can be used. 

An interesting application for solder creams takes advantage of the fact that the solder 

am can be applied either by sereening or by dispensing in a gross sort of way. Because 

the solder cream becomes molten solder when it is heated to the proper temperature, it 
Will wet only surfaces which are properly fluxed and are wettable in the fluxed state. 
herefore, a blob of solder cream can be applied to the general vicinity of a joint or a pad. 
hen it is melted, the solder will retract onto the metal surface and form a bond. Ifa chip 
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or large ceramic integrated circuit is placed on the solder cream before melting the cream, 
it will be pulled into perfect alignment with the metal pads as the solder cream is melted, 


16. Heating Techniques Heating techniques are germane to the discussion of both solder 
creams and preforms. They can, therefore, be discussed without considering the form of 
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Fig. 15.18 Viscosity as a function of metal content in a solder cream, 


the solder on the part. Just as solder creams and preforms challenge the imagination of the 

designer, so the techniques available for meeting the heating requirements of the assem- 

bly call for a great deal of versatility on the part of the assembly engineer. Some 

applications may simply require the touch of a hot soldering iron, but others will require 
the complex and intricate techniques 
inherent in induction and radiation heat 
ing. Don’t be afraid to let your imagination 
wander a bit to take advantage of the flexi- 
bility of the available technologies. 

a, Soldering Iron, ‘The use of 
iron ora hot plate is a fairly straightforward 
technique. It is discussed elsewhere, 80 
there is no need to dwell on it here. 

b. Hot-Air Gun. A surprisingly versatile 
heating technique which is often over 
looked is the electrically heated hot-ait 
gun. Air from such a gun can be hot enot 
to flow even some of the high-temperature 
solders. The gun can be used in a gross sort 
of way to heat the entire assembly, 0% 
through the use of nozzles, a stream of hot 
air can be directed into minute spaces 

Fig. 15.19 Stainless-steel screen for automated approximately the dimensions of a solde™ 
application of solder cream (Alpha Metals, Inc.). ing iron tip. Hot-air guns can be manually 
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or automatically operated. However, because of the critical relations between distance 
and temperature inherent in the hot-air technique, an automated setup generally 
enhances the reproducibility of the operation. 

c. Infrared Heating. Infrared heating is a very common and very attractive technique. It 
is a form of radiation heating; therefore, like all radiation, it can be focused onto a small 


Fig. 15.20 Pnei 


solder cream dispenser (Otto Engineering, Inc.). 


. It can induce rapid temperature changes on metallic surfaces (surfaces which absorb 
ared radiation) and, at the same time, cause only minor changes in the temperature of 
the epoxies generally used for printed board construction, Because infrared heating is 
done principally by radiation, some of the design parameters you must consider are the 
geometry of the parts to be joined, the emissivity and thermal conductivity of both the 
parts and the surrounding region, and the color of the parts and the surrounding area. 

If it is desirable, shields and masks can be made to allow the parts to be heated in one 
region and not in another. A typical application is shown in Fig. 15.21. 


Fig. 15.21. Stainless-steel screen used to prevent excessive heating of the area surrounding a solder 
joint during infrared soldering (Research Inc), 
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Infrared heating adapts itself well to automated processing and high-speed production. 
Most printed boards which are protected by reflowed tin-lead coatings are reflowed by 
using infrared techniques. Infrared heating is also a common technique for bonding 
silicon devices to substrates, bonding substrates to printed boards, and soldering and 
splicing flexible cables. 

d, Induction Heating. Induction heating is a technique for heating electrically conduc 
tive materials to high temperatures. It is accomplished with high-frequency eddy currents 
induced in the parts by an external induction coil. Because of the current and volt 
characteristics of the eddy currents, it is not a good idea to use the technique if sensitive 
active devices are present. However, the author has seen induction heating used quite 
successfully for soldering connectors on both flat and stranded interconnection cable. The. 
large-scale use of induction heating is generally limited by the high power req 


and the bulky electrical equipment needed to generate the high frequencies that are 


required, 
e. Hot Oil. Hot oil or hot glycol reflowing techniques are a common heating n 
They are, however, quite messy, and they are somewhat difficult to control. They are 
generally used except for reflowing solder plate onto printed boards or component leads 
Do not confuse the hot oil technique with the hydro squeegee. Reflowing with hot 
requires the parts to be immersed in a bath of hot oil or glycol; the hydro squeege 
technique impinges jets of hot oil onto the surface of a printed board to reflow the p 
under temperature and pressure. Hydro-squeegeed boards have been shown to 
minimal thicknesses of reflowed tin-lead on their surfaces after processing, and they 
therefore quite susceptible to solderability degradation during storage. Boards reflo 
with hot glycol, on the other hand, retain all solder plate and have excellent shelf life if 
properly cleaned. 
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INTRODUCTION 


Cleaning has become one of the most important steps in printed board fabrication; it 
affects the ultimate reliability of the board. Ionic residues on a printed board lead to 
electrical leakage and dielectric breakdown, two phenomena which seriously impair the 
electrical performance of the product. Flux residues left on the board may become 
‘orrosive and thereby affect the mechanical and electrical properties of the board. The 
©conomies of processing the board are also significantly affected by the choice of a 
¢leaning procedure. Particularly in today’s competitive environment, it is important to 
understand the nature of the trade-offs between reliability and cost of various postclean- 
ing systems. 
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‘Types of Contamination 


Dirt or contamination on a printed board can be divided into two categories: polar and 
nonpolar. Polar, or ionic, contamination (“polar” and “ionic” are used interchangeably in 
the electronics industry, a practice that is somewhat disconcerting to a theoretically 
oriented chemist) consists of chemical compounds that will dissociate in solution into 
positively and negatively charged species, It is undesirable both because it can carry a 
current in the presence of moisture and because it can enter into chemical reactions 


Fig. 16.1 ‘The Alpha Ionograph, an instrument used to determine the amount of ionic contaminant on 
a circuit assembly, (Alpha Metals.) 


associated with corrosion. Ionic contamination typically comes from plating residues, 
finger salts, and flux activators. Nonpolar (or nonionic) contamination, although not as 
detrimental as polar contamination, will still interfere with circuit performance. Nonpolar’ 
dirt typically consists of rosin from solder fluxes and oils and greases associated with 
handling operations. Oils, greases, and rosin can form insulating films on plug-in contact 
surfaces, and the films can result in intermittent open circuits which are difficult and 
expensive to troubleshoot. Nonpolar soils, however, are readily removed by most chlori- 
nated or fluorinated solvents. They do not usually present a problem unless the mechan 
ies of the cleaning process are improperly specified. For example, if pallet design causes 
entrapment of rosin residues or if dwell time in the cleaning solution is too short, 
problems are likely to occur. 


MEASUREMENT OF CLEANLINESS 


Before a level of desirable cleanliness is specified, it is necessary to establish a quantiti- 
tive measure of the degree of dirtiness of the part. Cleanliness and dirtiness are very 
general terms, and, understandably, many tests have been devised to determine objee 
tively the amount of dirt on a printed circuit assembly. As enforceable quality cont 

standards, however, they all have one common disadvantage: they don’t work! Most 
notable among these types are ultraviolet inspection and the Lieberman-Storch test. Both 
methods are based on the detection of rosin residues and the implicit assumption that 
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when all the nonpolar rosin residues are gone, all polar residues also will be gone. That 
simply isn’t true. In addition, the Lieberman-Storch test is a carefully controlled labora- 
tory procedure; it is tedious, cumbersome, and difficult to adapt to high-volume 
production. r iit hate 

To quantify the level of cleanliness, it is necessary to measure the amount of ionic soil 
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Fig. 16.2 Process alternatives: flux can be removed in a variety of ways. The proper sequence 
depends on the requirements of the printed board. 


on the board surface. Since ionic soil is the most dangerous, a control on the level of ionic 
dirt promises to be most effective. Several methods of control have been devised. Most 
notable among them are the solvent extract resistivity tests and the lonograph. In both 
methods, the ionic soil on the electronic assembly is dissolved in a water and alcohol 
mixture and the resistivity or conductivity of the solution is monitored. Variations use 
high-purity water as a solvent, and that, as we shall see in a subsequent part of this 
chapter, will result in error because water will not dissolve residual rosin. Therefore, 
ionics trapped in or under the rosin will not be measured. 

When the water-alcohol solutions are monitored, most people prefer to use conductivity 
tather than resistivity. Conductivity is the reciprocal of resistivity, At the concentrations 
used to measure cleanliness of electronic assemblies, it is a linear function of the 
foncentration of dissolved ionics; hence it is much easier to interpret. Because of the 
linear relation, the Ionograph can quantitively measure the amount of ionic material 
Present on the board surface. 

The Ionograph, shown in Fig. 16.1, continuously recirculates the water-alcohol mixture 
through an ion-exchange column, and the result is a solution of very high purity. By 
Monitoring the change of conductivity as the ionics are dissolved in the water-alcohol 
mixture, the Ionograph rapidly determines the amount of ionic material on the part. The 
use of a calibration solution of known ionic content permits quantitative determination of 
ionic levels on the electronic assembly. Thus the Ionograph can be used either for relative 
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comparison of cleaned parts or for sensitive analytical determination of the ionic k 

bee the soe Geoe heen which measures only the conductivity of a 
cohol mixture used to wasl inished assembly, the I yh will i 

actual ionic level on the finished part. he sores minal 


SELECTING AMONG PROCESS ALTERNATIVES 


When a printed circuit assembly operation is selected and installed, the process engi 
is faced with three basic alternatives. Two of them involve a rosin-based flux, and the th 
sales a water-soluble flux. Figure 16.2 shows the alternatives and the implications 9 
each one. 7 
Ifthe most common path is chosen, the engineer will use a rosin-based flux and el 
with an organic solvent. The mechanics of the cleaning process depend on the constr 
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Fig. 16.3 Solubility of a typical ionie flux activator in commonly used flux solvents. Note that 
polar solvent will dissolve a polar salt. Single-component systems: perchloroethylene; 1,1,|+trich 
ethane; fluorocarbon A. Designed blends: proprietary A, and fluorocarbons B, C, D, and E. 


of the particular application, ‘The second alternative, and one whi 
popularity, is to remove the rosin-based flux with a biodegradable (ie., water-b 
cleaner, A water-based cleaning system can offer some distinct advantages over 
cleaning for certain types of assemblies. The third alternative is a water-based cle 
process for water-soluble fluxes. Details of the three cleaning alternatives will be covere 
in depth in this chapter. 


USE OF SOLVENT-BASED CLEANING PROCESSES 


Because soil on a printed board can be either ionic or nonionic, solvents used in the 
cleaning process must be capable of dissolving both kinds of soil. A solvent 
dissolving only nonpolar soils will remove oil and greases and rosins, but it will n0 
remove plating residues and flux activators. Figure 16.3 shows the final result 0 
experiment which illustrates this point. In the experiment, a typical amine hydrochloridé 
flux activator was dissolved in several solvents commonly used to clean elect 
assemblies. The more activator dissolved in a given solvent, the greater its propensity 
remove polar activators and residual plating salts. Nonpolar solvents such as perchlor 
thylene, 1,1,1,-trichloroethane, and trichlorotrifluoroethane are incapable of disso 
any of the flux activators. The other solvents dissolved various amounts of the acti 
‘The more polar the blend, the greater the amount of activator dissolved. So in ch 
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solvent for postcleaning of electronic assemblies, it is important to choose one that has the 
capacity to remove both ionic and nonionic soil. 

Another consideration is the compatibility of the solvent with the assembly to be 
cleaned. The solvent must be capable of rapidly removing rosin and handling soils and. 
jonic residues without damaging marking inks or the materials used in the construction of 
the assembly. That property is related to strength as an organic solvent. If the solvent is 
two strong, it will dissolve more than the rosin. If, on the other hand, it is too weak, an 
excessively long time may be required for it to dissolve the rosin residues. The strength of 
an organic solvent is related to chemical structure and the effective temperature of the 
cleaning process. The role of temperature is straightforward: the higher the temperature. 
the more active the solvent. The role of structure is more complex. We can generally relate 
the strength to the number of chlorine atoms on the molecule. When fluorine atoms are 
‘added to the solvent molecule, the molecule becomes less active. So, as a general rule of 
thumb, chlorocarbon solvents are stronger than fluorocarbon solvents. Chlorocarbon 
solvents have higher boiling temperatures and lower volatilities, and they are therefore 
adaptable to cold cleaning processes. Flurocarbon solvents have lower boiling tempera- 
tures and higher volatilities, and they are much more adaptable than chlorocarbon 
solvents to vapor degreasing processes. 


4.Redistillation To be used economically in a cleaning process, the solvent must be easily 
redistilled, The individual components of any given solvent blend may boil over a very 
road range, which will make recovery by distillation almost impossible. Unless solvents 
that boil within a very narrow range can be selected, redistillation will be economically 
infeasible. Solvent blends which boil at only one temperature are the most preferable 
alternatives. Those solvent compositions, called azeotropes, are also ideal for vapor- 
cleaning operations. It is important to realize that azeotropes exist at one and only 
temperature, the bailing . An azeotropic mixture used at temperatures below boiling 
will rapidly change composition because of the unequal volatilization of the solvents, The 
ability to redistill the solvents also means that stabilizers and acid acceptors added to the 
original solvent must be present after distillation. They should come over during distilla- 
tion in sufficient amounts to insure the stability of the redistilled solvent. 


2, Health Requirements Another area of concern is safety and health requirements, In that 
respect the two most often quoted, and least understood, parameters are flash point and 
threshold limit value (TLV). 


3. Flash Point The flash point of a solvent can be measured in several ways: tag open cup 
test, tag closed cup test, Cleveland open cup test, and Cleveland closed cup test, For our 
Purposes it is unimportant to know the mechanics of each test. It is enough to realize that 
the flash point of a given solvent measured by each of the tests could vary within about a 
30°F range. Obviously, most manufacturers quote the most optimistic figure. So when you 
comy two solvent blends on the basis of flash point, make sure you are comparing 
apples and apples, not apples and oranges. OSHA requirements are standardized on the 
tag open cup test. Be sure you have that number before approving a solvent for use. 

The flash point doesn’t really measure flammability; it measures the temperature at 
Which the solvent vapors will momentarily sustain a flame. In many cases, the solvent will 
flash and then extinguish itself. In general, most chlorocarbon solvents do not have flash 
Points and are nonflammable materials; fluorocarbon solvents such as FC 113 and FC 112 
also are nonflammable. Usually, flammable mixtures result from the addition of polar 
solvents such as the alcohols to increase the solvency power of ionic materials. In that 
's strictly a question of the ratios. The more flammable solvent in the vapors, the 
Seater the propensity to flash. So when a solvent blend is designed, a delicate balance is 
normally struck between the ability to remove ionic soil (the principal objective of the 
Solvent) and flammability. 


4. Threshold Limit Value The other parameter of concem is toxicity or TLV. It refers to the 
tolerance level of an “average” person for the solvent vapors. It is given as an index, 
tunning from 1 to 1000, that is derived from the maximum amount of solvent (given in 
Parts per million) that a person can be exposed to during an 8-h working day. The lower 
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the index, the more toxic the solvent. In general, chlorocarbons have lower TLVs than 
fluorocarbons. The index is somewhat subjective but is nonetheless an excellent tool for 
ranking the toxicity of solvents. However, TLV doesn’t tell the whole story; the other half 
is evaporation rate. The more a solvent evaporates, the higher the concentration of. solvent 
vapors in the ambient. Therefore, a solvent with a high TLV and a high evaporation tate 
may be just as toxic as, if not more toxic than, a solvent with a low TLV and a low 
evaporation rate. TLV is a factor inherent in the solvent itself; process modifications will 
not change it. Evaporation rate, on the other hand, can easily be minimized by proper 
equipment design and ventilation. Along those lines, don’t forget the human element, 
The adverse effects of organic solvents have been given widespread publicity. Unless job 
assignments are made with a view toward the psychological implications, don’t be 
surprised if delays, complaints, and union grievances result when sensitive individuals 
begin working around organic solvents. 


WATER-BASED CLEANING PROCESS 


Water is one of the most effective solvents for rosin activators; but because it is a polar 
liquid, it will not dissolve such nonpolar materials as rosin. One way to overcome that 
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Fig. 16.4 Saponification of rosin, When a biodegradable rosin cleaner is used, the rosin is changed. 
chemically so that it is water-soluble. 


difficulty is to react the rosin with other chemicals to form a water-soluble material called 

rosin soap. The reaction, called saponification, is shown in Fig. 16.4. Like most chemical 
reactions, the saponification of rosin is highly dependent on time and temperature. If the 
temperature is too low or the saponification agents are not in contact with the rosin for @ 
long enough time, the reaction will not go to completion. If that happens, the result is a 
very dirty board. Because saponification agents react with the rosin, they will be depleted 
according to the amount of rosin on the boards; therefore, they must be replenished on & 

refully controlled basis. Unlike solvents, the exhausted material cannot be reclaimed 
and must be discarded, Once the rosin has been converted to a rosin soap, the soap must 
be completely rinsed from the printed board. That is normally done by spraying large 
quantities of water on the board surfa everal rinse steps are normally used to ensure 
that all the rosin has been completely cleaned off the board. The important point to 
remember here is that the parts must be thoroughly rinsed in water of h a quality as 
possible 

If the circuit assembly has very high reliability requirements, a final rinse in deionized 
water is essential. Water can be one of the most deleterious contaminants a board will 
encounter. If the water is high in ionic salts, improper rinsing may leave the board more 
contaminated than if it had not been cleaned. Ifa board has capillary spaces, such as opel! 
relay coils, or if it has tight component spacing, such as the space between dual-incline 
packs and the board surface, then it may be impossible to rinse it thoroughly 

Once the parts have been thoroughly rinsed, they must be dried. Dyring is accom 
plished by using air knives to blow off excess moisture and then baking the board at 
elevated temperatures to remove residual moisture. Since water has a lower volatility than 
fluorinated organic solvents, the boards must be baked for an extended period of time t? 
remove the moisture. Alternatively, fluorocarbon drying systems which will replace the 
excess moisture with a higher-volatility organic solvent are available. The use of this tyP® 
of procedure, however, negates the original objective of using the biodegradable rosi 
cleaner, namely, to avoid the use of organic solvents. 
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The process just described adapts itself quite well to automation, and several manufac- 
turers have introduced conveyorized equipment to that end. An automated system such as 
ihe one shown in Fig, 16.5 can be readily adapted to a specific application. However, one 
fact to consider when such a conveyorized system is designed and installed is drying time. 
Because of the time and temperature involved in assuring complete drying of parts, : 
eonveyorized system moving at any reasonable speed would be ludicrously long. Most 
manufacturers (and rightly so) skimp on the length to allow the machine to operate in a 
teasonable manner. Be prepared, therefore, for either a supplemental baking operation or 
a reasonable dwell time at the end of process to allow all the moisture to evaporate. 


Fig. 16.5 ‘Typical conveyorized water cleaner (Hollis Engineering), 


5. Cleaning Water-soluble Fluxes Water is also used as the principal cleaning solvent for 
water-soluble fluxes, the residues from which are far more corrosive than those from an 
activated rosin flux. They must be thoroughly rinsed off to insure trouble-free operation of 
the printed board. The cleaning of water-soluble flux residues, however, is quite a 
complex subject and one which seems to be very controversial. Some of the residues 
obtained after soldering with a water-soluble flux are “sparingly soluble” in water. That 
means that, in order to remove them with water alone, very high temperatures and very 
large volumes of water must be used, Even then, we are not assured of their complete 
temoval. To hasten the removal of the residues and convert them into salts that are mor 
soluble, many people use a neutralizing agent such as ammonia water, alkaline deter- 
gents, dilute ammonium hydroxide, or similar proprietary chemicals. Most of the agents 
have the disadvantage that they are probably more corrosive and more deleterious to 
board performance than the flux residue itself, Although they are for the most part 
€ssential to the effective cleaning of residues from water-soluble fluxes, the neutralizing 

gents must also be thoroughly rinsed with large volumes of clean deionized water to 
€nsure their complete removal. Entrapment of any of those residues, or the flux residues 
themselves, in a capillary or beneath a component, virtually assures a failure of the 
Printed board. Extreme care must be taken in the design of an assembly which is to be 
Processed by these kind of techniques to avoid capillaries and potential sites of residue 
entrapment. 
_ Also, to minimize the dangers of using a neutralizing agent, materials based on sublim- 
‘ig ammonia salts should be selected. If they are trapped, they can be dissipated either in 
the heating stage of the cleaner or during storage at factory ambient. 

The equipment for cleaning water-soluble flux residues can be as simple as a common 
dishwasher or as complex as the conveyorized systems previously described. For applica- 
tions in which reliability of the finished product is important, however, it is highly 
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recommended that the in-line conveyorized type of cleaner be used. It assures that parts 
are cleaned immediately, which provides minimal time for the formation of difficult-to. 
remove corrosion products. Also, the more automated the system is, the more uniform and 
controlled the cleaning and drying process will be. 

Admittedly, the preceding discussion espouses a somewhat conservative viewpoint 
conceming water-based cleaning systems. That is because of the myriad of field problems 
encountered by companies unaccustomed to some of the nuances of water cleaning. The 
secret of an effective water cleaning system is design not just of the process, but of the 
assemblies to be cleaned. If either is incorrect, the disadvantages of water cleaning 
rapidly show up. 

Unquestionably, water is a better solvent for flux activators than any organic solvent 
currently available, and it will obviate all of the legal and environmental requirements 


Fig.16.6 Typical solvent wave cleaner with optimal brush installed. Solvent is pumped in a broad flat 
wave, and the boards are passed over the wave. (Electrovert, Inc.) 


inherent in solvent cleaning. However, it is not a panacea. Not all assemblies are 
compatible with water cleaning; the probability of failure of an improperly water-cleaned 
unit is much higher than that of an improperly solvent-cleaned unit; and the cost 
advantage may be more imaginary than real. Weigh your alternatives carefully; the 
rewards for success are quite attractive, but the penalty for failure is unduly severe. 


CLEANING EQUIPMENT—COLD CLEANING 


‘The type of equipment chosen for a cleaning process will depend on the solvent used, the 
temperature at which the solvent is to be used, the level of cleanliness desired, and the 
process throughput, For applications requiring moderate cleanliness and a rapid in-line 
cleaning process at a minimum cost, an in-line wave or brush cleaner is the ideal choice. 
Cleaners of those types are generally used with chlorocarbon solvents, although some of 
the lower-volatility Auorocarbons have also been successfully used. 


6. Wave Cleaning A wave cleaner such as the one shown in Fig. 16.6 works in a similar 
manner to the solder wave discussed in the preceding chapter. The solvent is pumy 

through a nozzle to form a large standing wave of solvent. The lip of the nozzle is 
contoured to broaden and flatten the wave. That maximizes the contact time of the wave 
with the board to be cleaned. Because the board is still warm from the soldering 
operation, the solubility of the flux residues is greatly enhanced. The system should be 
connected directly to a still so that cleaning solvent can be continuously introduced inte 
the system at the same time dirty solvent is being removed for reclamation. Otherwise: 
flux contamination will rapidly build up in the solvent and result in a redeposition of the 
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flux residues on the printed board to be cleaned. Obviously, that will defeat the purpose of 
the cleaning operation. 


7. Brush Cleaning Brush cleaning is a yariation of wave cleaning. In brush cleaning, a 
large rotating brush is added to the system in the center of the wave. The soft nylon 
bristles of the brush rotate in a direction counter to the forward motion of the printed 
board and add a scrubbing action to aid in cleaning. The height of the brush is adjustable 
so that the brush can remain just below the wave surface and still contact the board surface 
¢flectively. The brush must be changed periodically because flux residues have a ten- 
dency to make the bristles gummy and stiff. A typical brush cleaner is shown in Fig. 16.7, 


Fig. 16.7. Typical brush cleaner. The brush can be mounted either in the cleaner or above it, 
(Electrovert, Inc.) 


Off line, the same type of cleaning operation can be done with a brush and a pan of 
solvent, but that poses many problems. If the operation is limited to hand dipping of parts, 
several immersions must be made, each in successively cleaner solvent, in order to 
minimize redeposition of the flux residue he first tank must be changed often to 
minimize contamination buildup. After the contents of the first tank are dumped into an 
appropriate holding tank, the second tank becomes the first, etc., and the purest solvent is 
used in the last tank. If the procedure sounds tedious in theory, it is even more so in 
Practice. Most often it degenerates into a single tank changed once a shift, if that often, 
and, under the guise of solvent economy, the dirty parts are sent to the next operation. 

A variation of the procedure is brush cleaning after touch-up and repair. In that 
operation, the solvent is contained in individual dispensers at the work stations. Using a 
small brush, the operator dabs solvent on a localized glob of repair flux. Scrubbing 
vigorously, he or she redistributes the localized glob over the entire board; and when the 
solvent evaporates, he or she passes the uniformly contaminated board on to the next 
Process step. Of course, not all the flux residue remains on the board, quite a bit remains 
on the brush to assist in contaminating the next part. 


CLEANING EQUIPMENT—VAPOR CLEANING 


For solyent-cleaning applications in which cleanliness is paramount, vapor degreasing is 
the most popular choice. Depending on the application, vapor cleaning can be done in 

Small off-line batch-cleaning unit or in an incline machine capable of high process 
throughput. Vapor degreasing is a technique long popular in the plating and metal- 
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finishing industries, and it is ideally suited to cleaning of printed boards. It is based on the 
fact that the hot vapors of a boiling solvent will condense on any surface that is at a 
temperature lower than the boiling temperature of the solvent. Since the vapors are high. 
purity solvent, the part will be rinsed with solvent of very high purity until the tempera 
ture of the part equilibrates with the boiling temperature of the solvent. 


8. Vapor Degreasers A typical vapor degreasing unit is shown in Fig. 16.8. It consists of 
two sumps, one of which will continuously boil and contain the bulk of the flux residues. 
The other sump will contain continuously redistilled solvent held at any desired tempera. 
ture. Any contaminant in the second sump will be continuously diluted as clean solvent 
drips into the tank and dirty solvent cascades into the boiling sump. The vapors from the 


Fig. 16.8 Batch vapor cleaner, (Electrovert, Inc.) 


boiling sump are condensed on coils maintained at low temperatures. The coils, situated 
above both sumps, prevent vapor from escaping from the degreaser and continuously 
supply the clean sump with redistilled solvent. Some degreasers also are equipped with @ 
spray nozzle that draws solvent from either the cold sump or the distillate and allows it to 
be sprayed on the part to be cleaned. As shown in Fig. 16.9, large vapor degreasers can be 
designed with conveyor belts to adapt them for in-line use. The conveyor belts can be 
made to move through just about any desired sequence of spray, dip, and vapor cleaning. 


9. Selection of Construction Materials Stainless steel is the best material for the construc 
tion of a vapor degreaser. For economic reasons, some of the plumbing in the degreaset 
an be made from copper, but that does not include any plumbing which is likely to be 
carrying a water and organic solvent mixture, Active metals such as aluminum and zine 
must be strictly avoided because they catalyze the breakdown of organic solvents 
result in the formation of acidic groups that attack both the degreaser and the parts being 
cleaned. Materials containing iron, which could rust in the presence of moisture, should 
be avoided for the same reason. Most organic solvents used in vapor degreasing are 
fortified with stabilizers and acid acceptors to guard against acid breakdown, However= 
the use of active metals in the degreasing fixtures or in the material used in the construc 
tion of the degreaser rapidly negates the effectiveness of the stabilizers. The discussion 
has been confined to vapor cleaning, but similar considerations apply to the use of active 
metals in any solvent-cleaning operation. 
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10. Boiling and Ultrasonic Agitation One other topic germane to our discussion of vapor 
cleaning operations is the role of boiling and/or ultrasonic agitation. There is a widespread 
uneasiness in the electronics industry conceming the use of ultrasonic agitation to remove 
soil. The uneasiness stems from the theoretical consideration that beam leads and fine 
wires used in the assembly of active microelectronic components might hit resonant 
frequencies and be destroyed. The possibility seems to delight many theoreticians who 
thrive on computer modeling of abstract concepts, but in practice the notion is farfetched. 


Fig. 16.9 In-line conveyorized vapor cleaner. In-line cleaning lends itself well to high-volume 
Production. 


Properly designed and implemented ultrasonic agitation can provide an exceptionally 
effective scrubbing action to aid in the removal of some types of soil. 

Ifultrasonic agitation is too costly, or if the fears of the theorist are not easily quelled, 
then the other alternative is boiling agitation, Immersing the part to be cleaned in a sump 
of clean boiling solvent is an extremely eflective procedure. Of course, all components of 
the assembly must be compatible with the boiling solvent and must remain intact after 
€xposure to the boiling temperature of the solvent. 


11. Nonazeotropic Vapor Cleaning Some systems that have been marketed recently utilize 
honazeotropic mixtures for vapor degreasing. A typical machine is shown in Fig. 16.10. 

he systems rely on the fractionation of mixtures of fluorocarbon 113 and alcohol during 
the distillation process. Each rinse sump will thus have a successively lower content of 
the lower-volatility alcohol. The vapor composition of these systems is fairly high in 
alcohol and must be monitored carefully to ensure that the ratio of alcohol to fluorocarbon 
does not exceed the flammability point. The procedure is extremely effective for cleaning 
Tosin-based fluxes, but it must be run on specially constructed equipment and it must be 
carefully maintained to ensure that the alcohol content does not reach the region of 
flammability, 
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EFFECTIVENESS OF A PROCESS ALTERNATIVE 


It is always difficult to draw a comparison of one process with another, The eflectiveness 
of a process depends on many factors which are quite independent from one specifie 
application to the next. However, without offering a lot of weasel words and a long list of 
exceptions, we can examine some laboratory data obtained on boards of similar configura- 
tions with similar soldering procedures. The data were presented at the April 1974 
meeting of the Institute of Printed Circuits by the author, and it should suffice, at least, to 
make generalized rules of thumb and broad generalizations, 

‘The data shown in Fig, 16.11 were obtained by using the Ionograph to measure the 
cleanliness of boards fluxed with an activated rosin flux and cleaned with various solvents, 
The processes selected for evaluation were cold dip (or immersion) and two vapor 
degreasing cycles, The length of the bar in the graphs represents the amount of ionic soi} 
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Fig. 16.10 Nonazeotropic vapor-cleaning processes offer the advantage of higher alcohol cont 
than azeotropic systems. Boldface numbers indicate alcohol concentration. (Imperial Chemical Indus- 
tries, Inc.) 


remaining after the cleaning operation. The results correlate well with the results 
obtained in Fig. 16.3 relating to the ability of the solvents to dissolve flux activators. 
As can be seen from the data, vapor degreasing with a solvent designed to remove ionic” 
material is the most effective process, Fluorocarbon solvents adapt best to the ee 
cleaning processes. Cold cleaning with nonpolar chlorinated solvents is essenti L 
futile attempt to clean the boards, whereas while cold cleaning with a properly de! 
chlorocarbon cleaner can match vapor cleaning in effectiveness. When these data 
presented, no data on water-based cleaning processes had been obtained. Since th 
however, a wealth of data has been produced by several people. The data tend to sho 
that a properly designed water-based cleaning process will be almost as effective as 
cleaning with an effective Huorinated blend. However, the number of boards on 
the cleaning was incomplete is alarming. Almost the same thing holds true for 
soluble flux-water-cleaning processes. Use of a properly designed process with 
appropriate neutralizer and sufficient quantities of deionized rinse water results in an @ 
product that is cleaner than any solvent-cleaned board measured. Again, however, th 
same qualification holds true, The number of highly contaminated boards seen in a 
field measurement is exceptionally high. 


DEFECTS RELATED TO CLEANING—WHITE RESIDUES 


Two of the most common defects related to improper cleaning of the printed 
assembly are white residues and mealing. A board exhibiting white residues is shown i 
Fig. 16.12. White residues have a number of causes, and not all problems identified in the 
field as white residues are the same thing. White residues can be caused by improper cure 
of the base laminate or by solvent attack on improperly cured solder r ‘Those defect 
however, are relatively rare. Most commonly, white residues are caused by the pol 
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Fig. 16.11 Relative effectiveness of various cleaning solvents in (a) vapor cleaning and (b) cold 
cleaning. A solvent which is a blend of polar and nonpolar solvents should always be selected. 
(Courtesy Alpha Metals.) 


zation of rosin fluxes and/or water-dip lacquers during the soldering operation, When the 
rosin in those materials polymerizes, some of the rosin becomes a very long chain 
molecule which cannot be dissolved in the commonly used solvents. Therefore, the flux- 
cleaning solvents dissolve only the short-chain rosin segments and the original rosin and 
leave behind a tenaciously adhering white powder which is polymerized rosin. Once the 
polymerized rosin has formed, not even the best flux solvents will dissolve it. There is, 
ioWever, a way to remove it. Very simply, like materials can dissolve one and another; so 
if the board is recoated with a rosin-based flux, the rosin in the flux dissolves the 
Polymerized rosin. As long as there is sufficient rosin to maintain the polymerized rosin in 
solution, the entire board can be readily recleaned by using normal cleaning methods 
(ie., vapor cleaning). 


46-14 Soldering 


DEFECTS RELATED TO CLEANING—MEALING 


The other cosmetic defect directly related to improper cleaning procedures is mealing: 
white granular-appearing spots which form between the printed board and a conformal 
coating. The board shown in Fig. 16.13 exhibits mealing. Don’t confuse mealing of the 
conformal coat with measling of the base laminate. Although the defects appear to be 
similar, measling is related to selective delamination of multilayer printed boards. It is 
caused by resin-starved regions in the laminate, and it shows up long before the soldering 
operation 

There is a school of thought in the printed circuits industry that feels that mealing is not 
detrimental to the printed board. That is simply not true, Mealing is symptomatic of ionie 
contamination on a printed board. As such, it indicates inadequate cleaning of the 
assembly, and it casts serious doubt on the long-term reliability of the circuit. 


Fig. 16.12 White resid reuit board. 


Since conformal coatings are essentially polymer films, they will behave in a manner 
similar to that of thin polymer membranes. They are not impervious to water vapor; 
instead, they will experience a distinct osmotic pressure and, depending on the coating 
used, will be fairly porous to water vapor. When a void occurs in the conformal coat, either 
in the coating itself or between the board and the coating, the transmission of water vapor 
will essentially become localized to the void area. Hence the void induces a kind of 
localized pumping action for the water vapor. When ionic materials are near the void area, 
they dissolve in the water vapor and are carried to the void. Since the membrane transmits 
the moisture and not the salt, the salt concentrates in the area of the void to form a meal. 
Obviously, the effect is more than just cosmetic. 

Mealing is sometimes cured by switching to a different conformal coat, one with amuch 
lower propensity to transmit water vapor. That camouflages the problem, but it doesn't 
solve it. If mealing occurs, the problem is in the cleaning of the board, not the conformal 
coating. Cleaning procedures should be reexamined and modified to ensure that all ionie 
contaminants are removed. 


CIRCUIT CLEANLINESS 


In normal handling of circuit boards and final assemblies, a certain amount of contaminie 
tion is inevitable. A cleaning process can be added, but it also adds expense and time . 
the total cycle. However, the complication of ionic contamination is the electrical effect o! 
leakage paths at unknown resistance. To see if this is a potential problem, check the 
circuit for the resistance levels required and then test the board for contamination by 
means of one or more of the following tests. If unacceptable contamination is detecte' 
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both preventive measures in the basic process and a cleaning step should be installed to 
facilitate reaching the acceptance level. 


42, MIL-P-28809 Excerpts on Cleanliness 


3.7.1 Resistivity of solvent extract (see .. . 6.7). When uncoated printed-wiring 
assemblies are tested as specified in 4.8.3, the resistivity shall not be less than 
2,000,000 ohm-centimeters. Equivalent test methods may be used in lieu of 4.8.3 onl: 
when specifically approved by the government procuring activity. Such approval will 
be determined on the basis that the alternate method is demonstrated to have equal 
or better sensitivity, and employs both polar and nonpolar solvents with the ability to 
dissolve flux residue as does the alcohol-water solution specified in 4.8.3. 


Fig. 16.13 Circuit board with measling, 


8.3 Cleanliness and resistivity of solvent extract (see ., . 3.7.1). A convenient 
sized funnel shall be positioned over an electrolytic beaker. The printed-wiring 
assembly shall be suspended within the funnel. A wash solution of 75 percent by 
volume of ACS reagent grade isopropyl alcohol and 25 percent by volume of distilled 
water shall be prepared. This wash solution must have a resistivity equal to or greater 
than 6 x 10° ohim-centimeters (see 6.7). The wash solution shall be directed inva fine 
stream from a wash bottle onto both sides of the assembly, until 100 milliliters of the 
wash solution is collected for each 10 square inches of board surface (including both 
sides of the board, but not counting the surface area of the parts mounted thereon). 
The time required for the wash activity s| be a minimum of one minute. It is 
imperative that the initial washings be included in the sample to be measured for 
stivity. The resistivity of the collected wash solution shall be measured with a 
conductivity bridge or other instrument of equivalent range and accuracy. Note: All 
laboratory ware must be scrupulously clean Gee 6.7), 

6.7 Resisti of solvent extract (see 4.8.3). This test procedure, including 
solution preparation and a laboratory ware cleaning procedure, is documented in 
Materials Research Report No. 3-72, “Printed-wiring assemblies; detection of ionic 
contaminants on.” Application for copies of this report should be addressed to the 
Commander, Naval Avionics Facility, Indianapolis, Indiana 46218. 


13. Water Extract Conductivity Method for Determining tonic Contamination 

«. Outline of Method. The plated parts are placed in water of known conductivity and 
agitated for a specific time. The conductivity of the water extract is measured, and the 
incresse in conductivity due to residual plating salts and other conducting impurities is 
calculated. 
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b. Applicability. “This method is applicable to the detection of residual plating salts and 
other soluble, ionizable contaminants on parts that are completely plated. 


c. Reagents and Apparatus 

1 Conductivity monitor. A conductivity monitor with a primary scale of 0 to 2 wS/em 
and additional scales for higher readings. An instrument such as the Balsbaugh Laborato- 
ries Model 910M-2C Monitor, obtainable from Balsbaugh Laboratories Incorporated, 25 
Industrial Park Road, South Hingham, MA 02043, or equivalent, may be used. 

2 Working conductivity cell. A conductivity cell with an integral thermistor for 
automatic temperature compensation with a constant of 0.1 m7. A conductivity cell such 
as the Balsbaugh Laboratories No. 910-.1TD Dip Conductivity Gell, or equivalent, may 
be used. 

3 Standard conductivity cell. A duplicate of the working conductivity cell to be used 
only for checking the calibration of the working conductivity cell. 

4 Cell selector switch, A cell selector switch for connecting either the working or 
standard conductivity cell to the conductivity monitor. A switch such as the Balsbaugh 
Laboratories No. 910SS-2 Selector Switch, or equivalent, may be used. 

5 Patch cord. A shielded patch cord for cell selector switch to conductivity monitor 
connection. A patch cord such as the Balsbaugh Laboratories No. 910PC-10 Patch Cord, or 
equivalent, may be used. 

6 Jogger. A jogger (agitator), 3600 cycles/min (60-H current), with adjustable ampli« 
tude. A jogger such as the Single Action Model DL-1A, obtainable from Syntron, a 
division of FMC Corporation, Homer City, PA 15748, or equivalent, may be used. Joggers 
with larger tables are also available. 

7 Water bottle. A polyethylene bottle of about 1.9 L (1 gal) capacity with a polyethyl- 
ene or polypropylene screw cap. 

8 Deionized water. Deionized water with a conductivity of 0.5 uS/em or less (resis- 
tivity 2 MQ or more). 

d. Preparation of Equilibrated Water and Calibration of Working Conductivity Cell. Put the 
working and standard conductivity cells into separate containers of deionized water. 
Before removing them to make a conductivity measurement, always measure the water in 
which they are stored to be certain it is less than 1 ¢S/cm. That ensures the cells are clean. 

CAUTION: The standard conductivity cell is used only for checking the working 
conductivity cell in equilibrated water. It must not be put in any other liquid. 

Rinse the polyethylene water bottle thoroughly with deionized water; then half fill the 
bottle with deionized water. Shake the bottle vigorously for 2 min to equilibrate the water 
with the carbon dioixide in the air. (See Note.) 

NOTE: Carbon dioxide is a normal and necessary component in air. It is soluble in water 
and forms carbonic acid, which ionizes and is at equilibrium at 0.8 ¢S/em. In a el 
polyethylene bottle, the equilibrated water will remain in the range of 0.8 to 1.0 «S/em for 
at least a week. 

‘Transfer some of the equilibrated water to a Pyrex or other borosilicate glass beaker of 
sufficient size to hold both the working and standard conductivity cells. Insert both cells 
and measure the conductivity with the standard cell first. Check to see that the level of 
equilibrated water is sufficient to cover the side holes in the cells. That is necessary to” 
obtain a correct reading. The conductivity reading should be between 0.8 and 1.0 wS/em; 
if not, see the following note. j 

NOTE: If the conductivity is higher, either the polyethylene bottle or the beaker was” 
contaminated. Clean both by rinsing several times with deionized water and prepare new 
equilibrated water. If the conductivity of the equilibrated water is lower, continue 
shaking until water in the desired range is obtained. q 

Next, measure the conductivity with the working conductivity cell. Both conductivity 
cell readings should agree within 0.1 uS/em; if they do not, see the following note. 

NOTE: If the conductivity cells do not agree within 0.1 4S/cm, clean the cell surface b 
washing the working conductivity cell in reagent grade acetone, followed by rinses 

equilibrated water. 

Store the working and standard conductivity cells in equilibrated water in separate 
Pyrex or other borosilicate glass beakers. 


e. Procedure for Determining Conductivity of Extract of Plated Parts Z 
1 Test facilities. This test procedure should not be performed in a plating shop or 
the presence of acid or alkaline mist or in a laboratory with noticeable acid fumes. 
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2 Sample. Calculate the surface area of the plated parts to be extracted. A sample of 
the plated parts having a total surface area of 32.2 em* (5 in) should ordinarily be used and 
extracted in 100 cm* of equilibrated water. For other sample sizes, the volume of 
equilibrated water should be adjusted to keep the ratio of surface area to volume of water 
fixed at 0.32 em? (0.05 in*) to 1 mL of water. 

3 Extraction. Measure the correct volume (see sample, 2 above) of equilibrated water 
into a clean, dry Pyrex or other borosilicate glass beaker, Measure and record the 
conductivity of the equilibrated water (Cy) with the working cell. The conductivity 
should be in the 0.8- to 1.0-S/cem range. If the conductivity is greater than 1.0 4S/em, see 
the following note. 

NOTE: Either the equilibrated water or the beaker or both are contaminated. Check the 
conductivity of the equilibrated water and wash the beaker to correct the condition. 

Add the plated parts to the beaker containing the equilibrated water and place the 
beaker on the jogger. Do not touch the parts with bare fingers, and be certain that the parts 
are completely covered by the water. 

NOTE: To prevent the lateral movement of the beaker while the sample is being 
agitated, cover the top of the jogger with an approximately 1,27-cm.-(0.5-in-) thick rubber 
pad with holes of suitable size to accommodate the beakers, 

‘Tum on the jogger and adjust the amplitude of the jogger until a standing wave exists 
on the surface of the liquid. 

CAUTION: Do not increase the amplitude of the jogger to a point at whi 
liquid will be expelled from the beaker. fee ee e ceoolerer 

After 15 min of operation, turn off the jogger and remove the beaker, 

Measure the conductivity of the water in which the working cell has been stored. [fit 
is greater than 1.0 zS/cm, replace with equilibrated water, 

Measure and record the conductivity of the sample extract (C,) in the beaker with the 
working cell, 

Calculate the increase in conductivity of the sample extract due to residual plating 
salts and other conducting impurities as follows: i 


AC =Cy-Cy 
where AC = increase in conductivity, wS/em 


Cx = conductivity of sample extract, wS/em 
Cw = conductivity of water, pS/em 


Nore: This is hitherto unpublished material. It will also be published in Plating. 


14, Lieberman-Storch and Halphen-Hicks Tests for Rosin 
4. Seope. This method covers procedures for the qualitative detection of rosin in 
ishes by the Lieberman-Storch and Halphen-Hicks tests. The rosin may be present as 
either free rosin (abietic acid), esterified rosin, or metal salts, 
b. Apparatus 
1. Test tubes, 2.5 x 15 em 
2, Filter funnel, 75 mm in diameter. 
3. Porcelain spot plate. 
c. Reagents 
1. Acetic anhydride. 
2. Sulfuric acid reagent. Add 35.7 mL of concentrated sulfuric acid (HySO,, sp. gr. 


ey slowly to 34.7 mL of water, and cool to room temperature, Store in a glass-stoppered 
bottle, 


3. Phenol reagent. Dissolve one part by volume of phenol in carbon tetrachloride. 
4, Bromine reagent. Dissolve one part by volume of bromine in four parts by volume 
of carbon tetrachloride. 


a. Procedure 

1 Lieberman-Storch test. Place 0.1 to 0.2 g of the sample in a test tube and add 15 mL, 
of acetic anhydride. Heat gently until the sample is dissolved or dispersed. Cool and filter, 
with an ashless rapid filter paper, into a clean test tube. Place a few drops of the clear 
Solution in a depression of the spot plate and add one drop of sulfuric acid reagent, so that 
the acid will mix slowly with the filtrate. If rosin is present, a fugitive violet color develops 
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immediately. A pink or brown coloration should be ignored. A control sample containing 
rosin should be run simultaneously. 

2 Halphen-Hicks test. Dissolve a small quantity of the sample in 1 to 2 mL of the 
phenol reagent. Pour the solution into a cavity of the spot plate until it just fills the 
depression. A portion of the solution will spread out on the flat part of the plate a short 
distance beyond the rim of the cavity unless too much of the carbon tetrachloride has been 
lost by evaporation, when a drop or two more should be added to produce the spreading 
effect referred to. Immediately in an adjacent cavity place 1 mL or more of the bromine 
reagent, so that the bromine vapors evolved will contact the surface of the solution in the 
other cavity. Sometimes it is necessary to blow a gentle current of air in the proper 
direction to accomplish this satisfactorily, or both cavities may be covered by a watch glass 
of suitable size, The development of a fugitive violet coloration, best observed upon a flat 
portion of the test plate, indicates the presence of rosin. 


15. Chloride Determination with Silver Chromate Paper 

a, Application. This test method is used to determine qualitatively if chlorides or 
bromides are present on solder joints or other materials or surfaces. The chloride or 
bromide must be on the surface or otherwise soluble in water. 


b. Test Material 

1 Source. Silver chromate reagent paper may be obtained from A. Eichhorn Co., 644 
Salem Ave., Elizabeth, NJ 07209, (201) 351-6975. 

2 Characteristics. Silver chromate test paper is extremely sensitive. The paper 
should not be touched with the hands or allowed to come in contact with materials that 
have been contaminated by handling with bare hands. It should be handled with clean 
forceps; contact with clean scissors, glass rod, etc., is permissible. The use of disposable 
plastic gloves is advisable. 

The paper is also light-sensitive, and its original brick-red color will fade if exposed to 
direct daylight for a prolonged time. It should always be kept in clean containers and 
shielded from daylight when not in use. 


c. Procedure 
1. Moisten a piece of silver chromate reagent paper of suitable size with distilled 
water, Use forceps or other suitable means to handle the paper. Do not permit the paper 
to come in contact with the hands. 
Drain excess water by touching the edge of wet reagent paper with blotting paper. 
Place moist reagent paper in intimate contact with the surface area to be tested. 
Use a clean glass rod or forceps to press the reagent paper down. Allow the paper to 


remain in position for | min; then remove it and examine it for color change. An off-white 


color indicates the presence of soluble chlorides or bromides. 

2. As an alternate procedure, pipette a small quantity of distilled water into a 
capillary tube and transfer it to the area to be tested. One drop should be sufficient. Allow 
the water to remain in contact with the test area for 1 min. Remove water with 
capillary tube and transfer it to the test paper. Observe for the color change to off-white or 
yellow-white, which indicates the presence of soluble chlorides or bromides. 

NOTE: Certain acidic solutions may react with the reagent paper to provide a color 
change similar to that obtained with chlorides. When a color change is observed, it is 
advisable to check the acidity of the affected area by means of pH indicating paper. If pH. 
values of 3 or less are obtained, the presence of chlorides should be verified by other 
analytical means. 


16. Determination of tonizable Surface Contamination 

a, Scope 

1 Purpose. This test method establishes a procedure for determining the amount of 
surface ionic soil on a circuit board. The soil must be soluble in water, alcohol, or some 
mixture of the two. The determination can be made on either a quantitative or © 
qualitative basis. 

2 Restrictions. The Ionograph does not differentiate between specific ionic species: 
It determines their presence and ranks them according to their ionic mobilities. Salts wit 
higher ionic mobilities are weighted heavier than salts with lower ionic mobilities. 
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b. Uses. This method has application as a quality control tool and also as a method for 
developing and evaluating cleaning process parameters. As a quality control tool, it can be 
used to inspect parts to determine if they conform to predetermined levels of cleanliness. 
In process development the procedure can be used to evaluate solvent and process 
efficiency and also to set levels of acceptable cleanliness. 


c. Theory 

1 Description of measurement technique. The Ionograph utilizes a dynamic mea- 
surement of ionic conductivity of a rinse solution which extracts the ions from the surfaces 
being measured. The solvent is pumped through a recirculating loop which includes a 
plastic tank, conductivity cell, and ion-exchange column to remove all traces of ions from 
the solvent before entering the tank. The conductivity cell used is temperature-compen- 
sated to avoid reading variations caused by temperature changes, A metering pump 
pumps the solution through the loop at a constant rate. 

Without a sample in the tank, a condition will be established in which the conductivity 
of the solvent, as measured by the conductivity cell, will attain a constant low value, With 
the introduction of a contaminated sample 
into the tank, the conductivity reading 
measured at the cell will rise rapidly. A 
recorder is used to follow the change of 
conductivity with time. The sample 
remains immersed in the solvent until the 
conductivity of the solvent returns to its 
original equilibrium level. At that point, no 
ee further ionic material can be removed from 
123 4 5 67 8 9 10 thesample. 

NaCl, MICROMOLES 2 Theory of measurement technique. 

é The entire amount of ionic material 

removed from the sample can be related to 

the integral of the conductivity readings 

over the period of time required to dissolve the material and purge it through the system 

as follows: At any instant ¢ the number of moles n, of ionic material within the conductiy- 

ity cell is ne = Ve X Cy where C, is the concentration of ions and V, is the cell volume, 

ich is constant. Over an infinite amount of time, the total number N of moles of ions 
passing through the cell N will be 


w= [nedt=v. [coat 


Since we are dealing with very low concentrations (10 N), we can assume complete 
ionization; therefore, 


Fig. 16.14 Ionograph calibration: area measured 
under recorded curve vs. 4 moles of NaCl, 


Conductivity = L = kC 


(assuming one salt to be present. Of course, different ionic salts with different ionic 
mobilities will give different conductivities for a given concentration). 


=i if Ly dt 


Ifthe monitor and recorder responses are linear with respect to L, then, according to this 
last equation, the area under the conductivity-time curve which is charted on the recorder 
is a linear function of N, the total amount of ions removed from the sample. 

3 Solvent systems. The Ionograph can be used with either pure water or water- 
alcohol mixtures. Water is used when only water-soluble salts such as plating salts are to 
be measured. The use of pure water in the lonograph results in a measuring fluid with an 
initial conductivity of about 0.1 4S (10 MQ). 

Water-alcohol systems are used when nonpolar soils might encapsulate or otherwise 
mask the water-soluble ionic soils. Various alcohols have been used successfully. The 
preferred systems use either n-propanol or isopropanol as the alcohol solvent, Because of 
the high dielectric constant of the alcohols, excessive alcohol in the mixture will generally 
degrade the sensitivity of the measurement. To obtain maximum sensitivity and to ensure 
sufficient alcohol to readily remove all nonpolar residue, the recommended mixtures are 
40% (by volume) n-propanol and 60 percent water or 50 percent (by volume) isopropanol 
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and 50 percent water. Mixtures with as high as 75 percent by volume isopropanol have 
been successfully used, 


d, Test Method 
1 Calibration. Once the fluid in the system has established a stable level of conduc- 7 
Chapter 1 


tivity for the pump rate, solvent mixture, and tank size selected for the test, a precision 

hypodermic needle is used to inject a known volume of a solution containing lug/uL, of 

sodium chloride. A 30-1 injection is normally an adequate initial one. The output of the 

Tonograph chart recorder is then integrated to determine the total area under the curye 

corresponding to the initial eet of salt. Bueaion can be accomplished by using an 

electronic integrator or a planimeter or simply by weighing the cut-out area under H . 2 

due arene eal read balance: ‘ Quality Control in Soldering 

Additional volumes of the calibration solution are then injected until a curve such as the 
one shown in Fig. 16.14 is obtained for the rea of ee pe 

2 Test procedure, Once the system has been calibrated in accordance with 1, above, 
the test sample is immersed in the sample tank, Care must be taken not to handle the: Cobar wales bic 
sample or any of the appliances used to insert the sample into the tank. Finger dint a a 
contains highly mobile ionic soils and may give spurious readings on the Ionograph, 

During the course of the measurement, the conductivity of the solution will depart from _ 
the baseline of conductivity and then gradually return. When it has returned to the 
baseline, no additional soil can be removed and the measurement is complete. 

The curve for the sample is then integrated as per 1, above, and the calibration curve is 
used to determine the amount of contamination on the part. 

3 Treatment of test data. The number obtained from 2, above, will be the ionic 
contamination on the surface of the board in terms of equivalent micrograms of n 
chloride. (If the calibrating solution contained a salt other than sodium chloride, the 
mumber will be in terms of equivalent micrograms of that salt.) It is common practice 
divide that figure by the total area on both sides of the board and present the data in 

of equivalent micrograms of salt per unit of area, 

By using a scale of measurement based on only one salt, i.e., sodium chloride, the 
contaminants are being measured in terms of their ionic mobility. The more mobile or 
active an ion is, the more likely it is to cause trouble on a circuit assembly. Thus while 
Tonograph method will not differentiate between specific ions, it is an effective way 
quantifying the presence of many ions. 

¢, Miscellaneous 1 

5.1 Other Uses of the Ionograph. Because the Ionograph measures the ionic activity 
of any part or solution which contains ionic material, it has been used for various other 
purposes. A partial list appears below: 

a. Incoming inspection of reflowed tin-lead boards to determine if residues 
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6. Nonwetting 
been completely removed. 7. Dewetting 
b. Measurement of purity of incoming and redistilled solvents. Process-related Defects 
¢. Measurement of amount of activated rosin flux dissolved in the boiling sump of @ pasdiompyeytes 
vapor degreaser. 9. Bridging . . 
d. Measurement of activity level of activated rosin fluxes. 10. Icicle Formation 
11. Blowholes ... 
12. Cold or Fractured Joints 
13. Dull or Grainy Solder Joir 
Design-related Defects . 


INTRODUCTION 


From the preceding chapters it should be apparent that an automated soldering operation 
can be a smooth-running, efficient way to assemble printed boards. When the processing 
Parameters remain within their specified boundaries, the operation requires minimal 
maintenance and supervision. However, when one or two of the critical parameters drift 
away from their expected values, the result is mounting backlogs of quality control rejects 
and an inordinate amount of high-level supervisory and engineering time spent in 


aA 
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hunting down the cause. That is why maintenance and quality control of the solderi 
process are so important. With a well-designed, well-documented quality control pro- 
gram, the loss of many hours of valuable time and much unwanted visibility can easily be 
avoided. This chapter will cover the quality control programs required for an aut 

soldering operation, and it will touch on various common defects and their causes, 


PROCESS CONTROL 


Once a suitable process has been designed (i.e., the proper flux, the proper method of 
application, the proper alloy, etc.), a few simple maintenance operations can easily he set 
up to ensure its smooth operation. This discussion covers a “typical soldering operation” 
and should serve as a skeleton on which to build your own program. 


1. Solderability Both boards and component leads are subject to a deterioration of the 
solderability of their surfaces as a result of sloppy manufacture or excessive 
environments. To prevent solderability problems from disrupting the smooth flow of work 
through a soldering process, solderability checks should be made on all incoming mate- 
rials and on all materials entering the soldering process from storage. Boards and - 
nents with marginal and inferior solderability should either be rejected or have their 
solderability restored with an appropriate surface conditioner (see Chap. 14), Compo- 
nents placed in bins for hand insertion operations should also be checked periodically, — 
since there is a great tendency to unknowingly subject some of those components to the 
factory environment for extended periods of time because of the last-in first-out scheme 
inherent in most bins. 
‘The solderability of a surface is related to the ability of the molten solder to wet or 
spread out on the surface to be soldered. Several parameters can be examined to gain a 
nding of the solderability of a surface. However, the most common and the 
simplest indicators are based on the observations of either the total area covered by a 
controlled volume of solder or the angle which the solder makes with the surface to be 
tested, Since solderability is an empirical concept, rather than one which can be precisely 
formulated, solderability measurements are often surrounded with a mystical, semiquat 
titative set of procedures and numerical scales designed to give the tester a sense 0 
making a precise analytical determination. That is not really the case, because the 
solderability of a surface is greatly dependent on your requirements and quite indepen- 
dent of any definition I might formulate for solderability. In the final analysis, the 
solderability test should be an objective attempt to answer the question, “Will it work in 
rather than a subjective attempt to quantify the dihedral angle of a solder 


tistically significant number of parts or aS 
complex as a 100 percent inspection of all parts using the meniscograph. (For more 
information on solderability testing, see Chap 14 and/or contact the Institute of 
Circuits, 1717 Howard Street, Evanston, IL, 60202). The type and extent of the solderabik 
ity testing done for each process is a function of the activity of the flux (recall that RA. 
water-soluble organic acid fluxes are much more forgiving of solderability defects than 
RMA or R-type fluxes) and the final requirements of the assembly. 

Do not forget that the solderability check is in reality a check both of your vendor's” 
ability to produce solderable parts and your ability to store the parts in a suitable 
environment, Along those lines, work with your vendor to ensure that he knows your 
requirements and rapidly feed back to him any difficulties you encounter. Also, maintain & 
clean storage area with minimal handling of the parts and minimal dwell time. 


2. Fluxes The flux density should be checked at least twice during an 8-h shift. The 
simplest way is to use a hydrometer. The flux should be thinned with the appropriate 
thinner and makeup flux added. 

Depending on the process throughput, the flux should be dumped after 30 to 40 h of 
operation and new flux added to the appropriate level. If'a foam fluxer is being 

stone should be cleaned periodically by soaking it in a tank of thinner and bubbling aif 
through it for 10 to 15 min to assist in removing any flux residues which may be a. 
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Since the foaming properties of most fluxes are affected by moisture and oil, air lines 
feeding the stone must be fitted with traps to remove oil and moisture from the lines. The 
traps must be maintained periodically to ensure trouble-free operation, If the flux pot has 
prushes or squeegees to spread the flux on the board, they should be cleaned regularly 
(once a week) to prevent flux buildup. 


3. Preheaters The secret to the successful and safe use of preheaters lies in the regular 
and thorough cleaning of flux drippings from the preheater surface and/or the reflectors. 
Preheaters should be cleaned about once each shift to ensure proper operation. The 
preheater temperature should also be checked to ensure that temperature settings are 
accurate and all heating elements are operating properly. If forced-air preheaters are used, 
the air-intake filter and/or grating must be periodically checked to ensure unrestricted 
passage of air across the heating elements. 


4. Solder Pot The most important solder pot parameters to be controlled are temperature 
and composition. The temperature should be verified with an independent thermometer 
at least once per shift to ensure reliability of the solder process. The alloy composition 
should be tested at least once per month to guard against rapid buildup of metallic 
impurities. Also, dross should be removed periodically and replaced with new solder 
alloy to maintain the proper solder level. Depending on the process throughput, it is also a 
good idea to set up a schedule of regular additions of fixed amounts of solder chunks to the 
pumping system. If oil is being used, a regular cleaning and replacement schedule is 
essential. No soldering oil should be used for more than 16 h. Most oils should be changed 
every 8 h to be effective. 


§.Cleaning Systems Ifa solvent-based cleaning system is used, the level of acid acceptors 
in the solvent should be checked periodically to guard against acid degradation, Most 
manufacturers will supply procedures or simple test kits to perform the test. Ifthe solvent 
is recovered by batch distillation, the test should be performed after each distillation. If 
vapor degreasing is used, it is usually sufficient to test the level of acid acceptance once 
every three or four weeks. 

If a water-based cleaning system is used, the conductivity or resistivity of the rinse 
water should be continuously monitored to ensure adequate cleaning, In any case— 
whether solvent or water cleaning, a check of some fraction of the boards with a device 
such as the Ionograph should be made. That ensures that adequate levels of cleanliness 
are being maintained. 


CAUSES FOR DEFECTIVE JOINTS 


Under ideal soldering conditions, perfect wetting of the component leads and the printed 
board terminal area results in solder joints with smooth, bright, concave fillets that exhibit 
very low contact angles with both the lands and the component leads. Such a solder joint 
is shown in Fig. 17.1. 

Ifideal conditions prove somewhat elusive, then the solder joint will be imperfect, The 
material in this section is designed to identify the types of defects that are indications of 
Serious problems somewhere in the soldering process and that call for immediate correc- 
tive action. 

Imperfect solder joints may be traced to one or more of the three following general 
sources: 

1. Poor solderability of the printed board terminal area and/or the component lead 

2. The soldering process itself (i.e., incorrect adjustment or control of the soldering 
conditions) 

3. Incorrect design of the assembly to be soldered 


DEFECTS ARISING FROM POOR SOLDERABILITY 


When the basis material has marginal or poor solderability, incomplete wetting by the 
molten solder will result in a discontinuous film of solder on the termination or board pad. 
This will result in two basic types of defects: dewetting and nonwetting, which are 
Sometimes difficult to separate. In the case of nonwetting, the color of the basis metal will 
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Fig. 17.1 An acceptable solder joint. Note that the contour of the lead is clearly visible. 


be readily visible through the discontinuous film of solder. However, if the basis metal is 
similar in color to the solder, as would be true with a roller-tinned or palladium-coated 
surface, the nonwet surface may be extremely difficult to discern from one which has 
simply dewet. A typical detwetted surface is shown in Fig. 17.2. By contrast one which 

— has not wet the terminal areas is shown in 
Fig. 17.3. Both dewetting and nonwetting 
are serious problems and indicate inade- 
quate bonding of the solder to the circuit 
metal, 


6. Nonwetting Nonwetting can occur for @ 
number of reasons, some of the most typical 
of which are the following: (1) inadequate 
solderability of the base metal in relation to 
the activity of the flux used, (2) oil or grease 
on the surfaces, which prevents the flux from 
coming in contact with the surface; (3) 
improperly controlled _ time-temperature 
cycle during the soldering proc 

Figure 17.4 shows a solder joint which 


(a) (b) 
Fig. 17.2 A dewetted surface. The solder has initially wet the terminal areas (a) and then drawn back 
into discontinuous blobs (b), 
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exhibits good wetting of the wired paths but nonwetting of component lead. Note that 
partial wetting of the base of the lead results in a cup-shaped depression around the lead 
Although the outline of the lead is quite visible, it is not because the solder has wet 
the lead and feathered away from it as it drained; it is because the complete lack of 
adherance of the solder to the lead has resulted in the lead itself being visible. Non- 


wetting can also be masked by excessive solder on the joint, as shown in Fig, 17.5. If 


there is too much solder on the joint, the lead becomes encapsulated in the solder and 
any visual indication of its condition is destroyed. 


s when the solder 


7. Dewetting In contrast to nonwetting, a typical dewet condition resull 
wets the basis metal and then retracts, leaving a thin but continuous coating of solder 
over the basis metal and discrete globules of solder spaced discontinuously across the 
surface. The large globules of solder have very large contact angles where they meet the 
basis metal. The large contact angles are indicative of a poor wetting condition. 
Dewetting of the basis metals can be traced to sources similar to the nonwet condition. 


Fig. 17.3 A nonwetted surface. The solder has never wet the terminal areas. The metallic surface 
below is visible. 


17.4 Nonwetted component leads on 


highly solderable terminal area, Note that the solder has 
completely pulled away from the lead 
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In addition, however, dewetting can be caused by certain types of contaminants on the 
surface of the basis metal; embedded cleaning abrasives are an example. Metallic impuri- 
ties in the solder bath can, in sufficient concentrations, also result in dewetting. 

In extreme cases of poor solderability due to gross contamination of a surface, both 
nonwetting and dewetting may be seen to occur simultaneously on the same surface, In 
such cases, solder fillet formation will be poor or nonexistent. On the other hand, a very 
slight tendency for nonwetting or dewetting on a surface may merely show as pinholes in 
the solder coating on, for example, printed board conductors; the pinholes are, however, 
unlikely to have a significant adverse effect on joint formation. i! 


P ACCEPTABLE] [NOT ACCEPTABLE) 
[INSUFFICIENT] Ch ca [(ExCESS) 


Fig. 17.5 Variation in the amount of solder required to form the joint. Note th; 
a rounded configuration completely masking the lead contour 


excess solder results in 


PROCESS-RELATED DEFECTS 


8. Excess Solder The presence of an excessive amount of solder in a joint, enough to 
cause the fillet to have a convex surface, may mask the tendency for nonwetting on either 
the land or the component termination. If no termination is visible, it is not possible to 
decide whether the component termination wire was too short or whether, in fact, no 
component has been mounted on the board. For those reasons, excessive solder is 
undesirable. It may occur because a dip- or wave-solde 
temperature, but it more generally occurs in hand-solde 


ng bath is operated at too low a 
ng operations, 


9. Bridging Bridging can take the form of a web or film between adjacent vertical 
terminations, as seen in Fig. 17.6, or if it is more extensive in nature, it can appear as a web 
of solder joining the legs of adjacent conductors (Fig. 17.7) 

The cause of bridging may be the use of such incorrect soldering conditions as low 
temperature, insufficient flux, or the presence of a tenacious oxide film on the surface of 
the molten solder. The oxide film may be due to the presence of an impurity such as zine 
or aluminum. Soldering machine design factors, such as the form of the wave and the 
angle at which the printed board approaches and leaves the molten metal during wave 
soldering, may have a strong effect on the tendency for bridging to occur, and the design 
of the printed circuit assembly is also an important factor. 


10. Icicle Formation Stalactites or icicles of solder such as those shown in Fig. 17.8 arise 
mostly in wave-or-drag soldering operations when the draining of the molten solder from 
the soldered board is restricted. Icicle formation may often be alleviated by causing the 
printed circuit assembly to leave the solder bath surface at a small angle, for example, ™ 
Solder temperature, conveyor speed, and activity of the flux also may influence the 


Fig. 17.7 Solder webbing, Note that, in webbing, nonmetallic surfaces can be involved and many 


luctors can be shorted together. 


Fig. 17.8 


Icicling, a common soldering defect. 
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tendency for 


icicle formation. As in the case of bridging, icicle formation may be exagger. 
ated by the presence of tenacious oxide films due to high levels of an impurity such as zine 
or aluminum in the bath. z = 


11. Blowholes Blowholes or small spherical cavities in the surface of a solder fillet ma 
arise from solidification of the solder around entrapped bubbles of air or Hux vapor 4 
typical blowhole is shown in Fig. 17.9. Usually the interior of the eavity can be seen ta be 
bright and smooth. Blowholes may be quite small, but they should not be confused en 
the normal surface indentations due to solder contraction upon solidification, 7 

Excessive flux or insufficient evaporation of the flux solvent before soldering can giv 
rise to blowholes and intemal porosity in the joint. Blowholes may also result whag 
moisture or organic plating residues become trapped in plated-through holes, 


12. Cold or Fractured Joints Cold joints are caused when the component lead moves 
solder joint is freezing. The movement of the lead results in uneven freezing of the 
joint, and ultimately the stress set up can cause a crack in the joint. Any indication of 
or fractured joint casts serious doubt on the integrity of the j 


as the 
solder 


acold 
t, and the joint should be 


Fig. 17.9 Blowholes, a defect caused by the trapping of liquid or vapor inside the joint as the joint is 
forming. 


Fig. 17.10 A cold joint. Cold joints are caused by excessive movement of the joints during formation- 


‘Quality Control in Soldering 17-9 


reworked. If cold joints are a continuing problem, the difficulty can easily be corrected by 
providing a smooth transfer of the printed board from the solder pot to the next station. A 
typical cold joint is shown in Fig. 17.10. 


43. Dull or Grainy Solder Joints As outlined in one of the preceding chapters, the principal 
cause of dull solder joints is the accumulation of metallic impurities in the solder pot. 
Metallic impurities, particularly gold and copper, will rapidly cause the solder joints to 
take on a dull gray appearance. The problem can easily be corrected by replacing the 
solder in the pot. Several stopgap measures, outlined in Chap. 15, will allow continued 
operation until a new solder charge can be obtained. To prevent significant buildup of 
metallic impurities, it is important to have the solder pot analyzed on a regular basis, 

A dull appearance can also result from a solder alloy which is low in tin. The bright 
shiny appearance of the solder joint is due to the tin, not the lead. Therefore, low-tin 
alloys such as 50/50 will be substantially duller than high-tin alloys such as 63/37. Ifthe tin 
becomes depleted from the solder alloy, then the result will also be duller solder joints. 

Dull joints will also result when the residues of certain highly active fluxes are left on 
the solder joint for an extended period. In that case, the dull appearance is the result of 
chemical attack on the solder joints and the solder process should be modified to ensure 
rapid cleaning of the boards. 

Dross particles or carbonized oil in the solder wave often gives rise to a solder joint with 
grainy, lumpy appearance. Both dross and carbonized oil result from improper mainte- 
nance of the solder pot. If dross has been sucked into the solder wave, the pot level is too 
low and additional solder must be added as makeup. 

Once dross has entered the solder pump, it is advisable to remove the pump and clean 
it, since dross is a highly abrasive material and will not purge itself through the pump. 
Carbonized oil results from using inferior soldering oils or from running a good soldering 
oil at too high a temperature for too long a time. When that occurs, the oil should be 
changed immediately and new oil should be passed through the system to purge the 
carbonized material. In extreme cases, the solder pot must be dumped and recharged. 


DESIGN-RELATED DEFECTS 


An important feature of the design of printed circuit assemblies is the selection of the 
optimum component termination size for a given board hole diameter. Even with perfect 
solderability and soldering conditions, excessive clearance between the terminations and 
the hole in a terminal area, in the case of unplated holes, often leads to incomplete solder 
fillet formation. A marginally suitable clearance may become unsuitable when the termi- 
nation is displaced from the axis of the hole, a condition which is extremely difficult to 
avoid in the real world of production line assembly. 

Insufficient spacing between terminations can lead to bridging, and incorrect printed 
circuit conductor spacing, size, and layout may also result in bridging or webbing. A large 
area of copper, or a high density of terminal areas and terminations, tends to act as a heat 
sink which may, again, cause bridging or, in extreme cases, localized nonwetting. 
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INTRODUCTION 


This chapter covers test methods and reliability considerations applicable to rigid plated- 
through-hole printed boards. The boards may consist of two or more layers of conductor 
patterns on insulating material and be interconnected by a continuous plated-through- 
hole metallic connection. For purposes of this chapter, the term “boards” will be used 
hereafter when referring to finished printed wiring boards. 


1, Quality Conformance Test Circuitry A series of test coupons, which we refer to as Quality 
Conformance Test Circuitry, was designed for MIL-P-55640 to provide a series of test 
areas to permit testing without destroying boards (Fig. 18.1). The quality conformance test 
circuitry also provides the feature of a perpetual preproduction sample that is representa- 
tive of each multilayer board made throughout the project. The design allows for either 
placing all coupons in a strip configuration or separating and placing them at various 
locations on the panel. Strategically locating the individual coupons on the panels can be 
a definite advantage to the manufacturer, because he can then observe in-process steps. 
more accurately, For example, he may (1) observe the drilling done by each drill bit on 
panels being processed by multiple drilling, (2) examine the plating thickness at various 
time intervals of the plating process, (3) compare the plating thickness at many locations 
on the panel, and (4) compare the plating thickness at any location of all panels in the 
plating tanks. Ifa process should go out of control, the manufacturer can immediately shift 
to 100 percent testing until the process is corrected without needlessly destroying end- 
product boards during the screening operation. Obviously, accurate identification, stor- 
age, and retrieval of coupons is essential, In-process testing early in production is a sel 
governing evaluation system, 


2. Sampling and Testing After the capability of testing representative coupons has been 
incorporated, the next step is to develop, with an eye toward min: izing costs, a realistic 
sampling technique for testing. Certainly any testing is expensive, but not testing at all is 
ultimately more expensive. Sampling need not be risky, especially if we keep in mind that 
all tests can be performed at a later time simply by retrieving the desired coupons for lot 
screening or for diagnostic work. Preproduction samples must pass all requirements of the 
specification in order for the manufacturer to prove his ability to fabricate boards of 
acceptable quality. Caution must be used in evaluating preproduction boards, because 
they are often made in a laboratory hand-line operation. It is very difficult and unusual for 
a manufacturer to arrange all the special provi ary to process preproduction 
samples in the true production mode. Examples of special provisions are (1) preparation of 
numerical control tape for drilling, (2) fabrication of racks and other fixtures that would 
normally be used in production, (3) rearranging plating anodes, board orientation, agita~ 
tion, ete., and (4) interrupting other production work to process a few sample boards, 


4. Production Testing During the day-to-day production phase, testing is held to a mini- 
mum provided the quality is maintained sufficiently high. Under normal conditions, only 
visual and dimensional examination, microsectioning one plane, plating adhesion, mois- 
ture and insulation resistance tests on the coupon, and circuitry tests on the boards are 
required. In an effective sampling procedure, destructive testing is performed on the: 
coupons after every four weeks or every 5000th board is produced, whichever occurs first. 
The testing includes visual and dimensional examination, microsectioning in three princi 
pal planes, terminal pull, water absorption, solderability, plated-through-hole structure, 
thermal shock, thermal stress, interconnection tesistance, current breakdown, current 
carrying capacity, and dielectric strength. If failures occur during those tests, retesting of 
associated coupons is performed. Repeating the failure causes temporary shutdown, recall 
of test coupons, and a fact-finding study, although not necessarily in that order. Normal 
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E Pee ee pen a 
tion is resumed only after the cause is detected, corrective action is taken, an 
Ee screening is accomplished. However, tightened inspection sampling should be 
ee effect for a prescribed period of time to assure that corrective action was indeed 
effective and permanent. 
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Fig. 18.1 Quality conformance test circuitry. (A) (B) Notes: (1) For economy and ease of artwork 
!ayout, the location of each coupon of the quality conformance test circuitry is optional. All test coupons 
illustrated must appear on each panel. (2) The number of layers must be identical with the number of 
layers in the boards derived from the panel. Layers shown are for illustration purposes only. (3) Etched 
letters on coupons are for identification purposes only. (4) Length of coupons D, E and G is dependent 
"pon the number of layers in the panel. (5) All pads should be 0.070 = 0.005 in diam or 0.070 +'0.005 in 
square. Holes in pads should be the diameter of the smallest hole in the associated board. (6) All 
conductor lines should be 0.020 + 0.003 in wide unless otherwise specified. (7) All tolerances must 
meet the requirements of the imposed specification. 


5.FinalTesting For multilayer boards, only two most critical requirements must be tested 
100 percent; (1) microsectioning of one test coupon from each production panel and (2) 
electrical circuitry testing of the finished boards. It is not feasible to wait for the systems 
test final phase of production equipment before testing for electrical performance. To 
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have hundreds of dollars worth of components on defective boards and lectrical 
failures until later is extremely costly. Since the function of the nance ae is to 
provide reliable electrical interconnection, mechanical integrity of the plated- 

hole is of paramount importance. Heavy emphasis is therefore placed on reliable plated- 
through holes. Hence, periodic microsectioning of the x, y, and z planes and periodic 
removal ofall glass cloth and epoxy-resin for viewing the outer structure of plated-through 
holes (plated-through-hole structure test) was developed. Appropriate test methods are 
discussed later in this chapter. During production, the periodic test coupons mentioned 
Sper sent to the ee for complete analysis. Contractors are often required to 
submit test coupons to the customer regardless of a it 
ae gard] whether boards were made in-house or 


6. Costs for Testing The testing cost for low-priced radio and TV boards is i 
because there are very few requirements, but the cost of high-reliability multilayer beet 
can be approximately 3 percent of the board cost. The characteristics which may be 
required on various levels of quality boards are shown in Table 18.1. The letters LR. 
designate commercial boards have limited requirements. The letters A, B, and C 

nate the Institute of Printed Circuit’s three levels of quality, MIL designates military 
specifications, and hi-rel indicates high-reliability requirements (outer-space 
requirements), 


TABLE 18.1 Characteristics Which May Be Required on Various Levels of Quality 


z 
z 


Requirement LR A B c 


Visual and dimensional x x x x 
Etchback 
Plating adhesion x x 
Microsectioning 
‘Terminal pull x 
Copper strike 
Warp and Twist 
Traceability 
Water absorption 
Copper pyrophosphate 
Solderability 
PTH structure 
Fungus resistance 
Mechanical shock 
Vibration 
‘Thermal shock 
‘Thermal stress 
Outgassing 
Interconnection resistance 
Insulation resistance 
Dielectric strength 
Hotoil resistance 
Moats resistance 
‘urrent-carrying capacity 
Internal shorts 
Circuitry electrical test (100%) 
Flammability 


MXM RX KKXKRXKXKKKKKH 


KX XK 


7. High-reliability Concerns One of the most serious problems can be the administrative _ 
delay of obtaining test coupons, especially when subcontractors are involved. The delay 
results in large volumes of boards being manufactured in the interim. The intent is to test 
coupons promptly to help in the assessment of the quality of production. Another problem 

is that, if a manufacturer incorrectly drills holes, plates a quantity of the boards, and then 
stores the boards until the assembly people order the particular part number, he does not 
know he is producing a bad product up to the plating stage. Because of these problems. it 
is advisable, in high-reliability programs, to expedite things by having a coupon from 

board or panel sent directly from the production floor by bypassing all engineering, 
Production, and administrative channels. Appropriate follow-up can come later. One 
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finished board should be required periodically for float solder testing, because the 
coupons have very little surface area for that test and delamination and outgassing are 


important properties. 


TESTING 
. Production and Inspection Survey Checklist To assure checking all process, production, 
inspection, and test stations, an MLB production and inspection survey checklist such as 
that in Appendix A is suggested. It assures that, during visits to the plants, none of the 
many steps are inadvertently overlooked. Perhaps even more importantly, the checklist 
immediately shows up any significant materials or process changes. 


9. Testing Conditions Three main elements must be considered in connection with 
obtaining data required at room conditions: (1) the test setup for supporting and operating 
the equipment, (2) the instrumentation for measuring the data from the tests, and (3) the 
instrumentation for measuring the room conditions. 

Considerable emphasis is placed on thorough consideration of the factors involved in 
obtaining the data, which serve as standard, comparative, environmental data when a test 
report is presented properly. In most cases, the step consists of a simple recording of the 
barometric pressure, relative humidity, and temperature. Since room ambient conditions 
are relative and not absolute, the temperature, pressure, humidity, vibration, ete., both of 
the room and of the area immediately adjacent to the test setup, should be considered. 
The conditions to which the specimen is to be subjected and the type of test being 
performed will vary, but temperature, pressure, and humidity, at least, are recorded in 
nearly all cases. 


10. Calibration and Inspection Interval Consideration must be given to the instrumentation 
necessary for measuring the required data. Attention must be given to (1) the required 
accuracy, (2) the effects of the means of measurement on the quantity being measured, 
and (3) the method of calibrating the instrumentation, Judgment must be employed in 
correlating the accuracy requirements of the final test data with the individual accuracies 
obtainable from the instruments employed. 

Ifa choice is permitted by the setup, the most direct means of measurement is usually 
most reliable. For example, the manometer is preferable to the face-reading pressure 
gauge. Of course, the choice of instrument depends not only on the accuracy require- 
ments butalso on the specific conditions under which the measurement must be made. 


TABLE 18.2 Calibration Schedule for Production Tooling and/or Equipment 


Tee Required checks Interval 
Degreaser ‘Temperature and Baumé ‘Weekly 
Automatic plating Temperature, Baumé, Weekly 

system mechanical operation 
Cleaning tanks ‘Temperature, Baumé Weekly 
Oven Temperature Daily 
Screening machine Alignment Weekly 
Etcher ‘Temperature Daily 
Numbering machine Alignment Daily 
Double-tape machine For clean punch and holes Weekly 
Countour press and die For clean sharp edges Weekly 
Heat sealer Temperature Weekly 


Depending on the accuracy requirements, the standards against which the instrament 
calibrations are made must be considered. The probable accuracy of the laboratory 
standards, the frequency with which the standards are checked against primary standards, 
the techniques of calibration, and the environmental conditions under which the calibra- 
tion is performed must be assessed against the determined accuracy requirements of the 
test data. 

Based on previous experiences, production tooling, inspection gauges, and equipment 
should be checked within the intervals listed in Tables 18.2 and 18.3. 
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QUALITY CONTROL PROGRAM 
11. Controls 

@. Incoming Material Control. Quality control samples all raw materials received for 
production and inspects materials for compliance with drawings, specifications, and all 
other required contractual criteria. Material testing which requires specialized equip- 
ment, chemical analysis and/or test which cannot be performed by the inspector should be 
forwarded to the laboratories for testing. No material should be used until the inspector 
certifies that it is in compliance with all contract requirements or is accepted on a waiver, 
A material history file should be maintained on all items received. 

b, In-process Control. Random sampling of material in process is performed at estab- 
lished inspection stations located at critical points within the production flow by the 
inspector. This type of inspection will alert production personnel if a process goes out of 
control and requires remedial action, It will also reveal nonsalvageable rejects soon after 
they occur and thereby preclude further processing of such items, 


TABLE 18.3 Inspection Gauges and Equipment 
Calibration Schedule 


Item Inspection interval 
Go no-go plug gauges 6 months 
Surface plates l year 
Vernier calipers 6 months 
Micrometers 6 months 
Profilometer 1 week 
Microscope 1 year 
Critical circuit area overlay 6 months 
Ph meter l year 
Electrophotometer Lyear 


At the end of each shift of plating on either automatic plating line at least one board is 
selected at random for plating thickness determination, The determination is performed 
by the microscopic method. Adhesion test also is performed by the inspector at least three 
times during each shift of operation. 

¢. Tooling, Equipment, and Solution Control. Production and inspection tooling and 
equipment is inspected at specific intervals to determine wear, mechanical alignment, 
operation, and electrical calibration. Records are k pt to indicate when replacement, 


repair, calibration, or realignment will be required. 
d. Electrical Inspection Control. Each board receives an electrical test for shorts. 
carrying capacity, circuit continuity, and circuit verification, The electrical test equipment 


is checked at least once each shift to ensure it 
tests are performed by the inspector. 
¢. Complete Product Control. The ins; 


operating according to requirements. The 


est. A permanent record 
is maintained on all boards shipped. The record includes the serial numbers and quantity 


12. Sampling Plans The sampling plan to be used varies considerably with board type. In 
deciding which plan is best suited for a particular category, five factors are considered: a) 
allowable in-process lot quantity delay time, (2) required frequency of examination per lot 
quantity, (3) the complexity of the operations to be controlled, (4) the lot size to be 
sampled, and (5) the defect occurrence level of the operations through which the lot 
quantity has passed. In the following example subsections, the sampling plan used in 
each control category and the method used to perform the quality control check are 
outlined. 
@. Incoming Material Sampling. Acceptability of incoming material is determined by use 
of sampling plan K as outlined in MIL-STD-105D, GEN. INSP. LVL. Il NORM. 1% 
Acceptable Quality Level (AQL) in 2-3000 pieces. 

As an example, the sampling plan chosen for incoming material requires that 125 pieces 
be drawn at random from 3000 for evaluation. If three or more are found to have major 
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defects, the lot is rejected and the tightened sampling plan as outlined ATE SD: 

i d on all subsequent lots until quality returns to the acceptable level. _ rh 

i Sampling of the Product in Process. The complexity of the manufacturing process 

4 Peasestie posaibilcy of defect occurrence. Therefore, frequent lot sampling is done © 

aioe buildup of material at any point and reveal any out-of-control production process 
ich sI E ective action. : 

ae claret Gry to deviate from MIL-STD-105D in establishing sample size 
JC ‘lot quantity because the complexity of manufacturing processes dictates Sater 

ampling procedure. A sample of each product lot quantity is checked to determine the 

swience of major and minor defects. The sample size to be checked at each station varies 

Pree tionally to the complexity of the operations the boards have passed through since 

their last quality control check. The defects 

sampled: for at each station are those that 

conceivably could result from out-of-con- 

trol operations that the boards have passed 

through since their last quality control 

check. 

4 Sampling is performed at those desig- 

nated stations, The check sheet shows 


caps ed cross section for micro- Fig. 18.3 Photomicrograph of a six-layer mul 
ee layer board; original magnification 50X. 


scopic evaluation, 


which defects will be inspected for and reported on at each quality control check station, 
When a series of like major or minor defects at any given sampling station has fc 
determined, the quality control representative will determine the operation seneel oO 
the out-of control process(es) and will notify the production supervisors immediately to 
preclude the occurrence of additional defects. , Rare 

c. Tooling, Equipment and Solution Control. Inspection records are maintained on a 
production tooling, inspection gauges, and electrical test equipment. It is the ssapontl 4 
ity of quality control to maintain ar ete thse sore should indicate when replace- 
mer irs, calibration, or realignment will be required. ; 

oA Deter eae bak ir eninval Meal aeons ‘0 contol the 

plating solutions. It is the responsibility of the plating room leader to maintain the record s. 

d. 100 Percent Electrical Check. Proper functioning of the boards depends, of ‘course, on 
the boards being electrically acceptable. To assure acceptability, each circuit on every 
board is checked for such critical defects as opens and shorts. As an additional precaution 
against a board with a critical defect inadvertently being shipped to a user, samples of 
each lot quantity and the test equipment itself are checked by quality control at least once 
“The 100 percent electrical check is ustally performed by using automatic electrical 
equipment as a normal inspection function during production operation. The ae 
late field use of the boards but subject the boards to greater voltages than actual field use. 


13. Sequential Testing Grouping A typical series of groups A, B, and C testing requirements 


are given as follows: z Z Aes 
‘Cae A. Visual and dimensional. The visual and dimensional tests are listed in 


Table 18.4. See also Figs. 18.2 and 18.3. 
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Group B. Group B inspection is performed on production board: 
a “4 the it 
conformance test circuitry area that has passed group A inspection. See Table 183 
Group ©. A sufficient quantity of boards should be selected from lots which hav 
passed groups A and B inspections. The frequency should be on a 4-week basis or 5000 
produced, whichever occurs first. In addition, the manufacturer must, on a 4-week 


basis, submit at least one sample of a quali ance ircuit 
customer for testing. See Table 18.6. nee a wr ece a 


TABLE 18.4 


To be performed on 


Producti 
Examination or test Ronee 


Visual examination 100%* 
Dimensional examination Sampling 
Plating adhesion No 
Warp and twist Sampling 
“The production boards will not require microsectioning. 
+ Microsectioning shall be in one vertical plane only. 


TABLE 18.5 
ee ee ee eee 


‘To be performed on 


Examination or Test 


Production 
board 


circuitry area 


Moisture and insulation resistan 
Circuitry ss Ne 


TABLE 18.6 


Examination or test 


Visual and dimensional examination (including 
microsections) 

Terminal pull (Bond Strength) 

Water absorption 

Solderability 

Plated-through-hole structure 

Mechanical shock 

Vibration 

‘Thermal shock 

‘Thermal stress (float solder) 

Interconnection resistance 

Current breakdown 


DEFECTIVE CHARACTERISTICS AND CAUSES 


The following list of frequently encountered deficiencies, together wi ikely 
causes, will be useful to the in-process or final-product pharma ee 
I. Annular ring (failure to meet Unstable artwork 
piinimum requirements) Overetched 
: ; : 
Daillens nent Wom tooling plates and registration 


pins 
Improperly registered layers Reducti i 
oo luction of artwork improper 
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. Delamination 


‘CAUSES: 

Aged prepreg 

Low temperature and pressure dur- 
ing lamination 

Moisture 

Inadequate baking 

Uncontrolled lay-up area (tempera- 
ture and humidity) 

Silicone release agent 


. Dewetting 


Contaminated surfaces 

Contaminated reflow media 

Improper fluxing 

Oxides 

Porous copper that may result in vola- 
tile migration 


Improper heat transfer through stack 

Handling during lay-up 

Improperly cleaned layers 

Contamination 

Improperly vented ovens 

Temperature control during assembly 

Excessive antistaining agent on 
copper 


Improper angle of product into fusing oil 
Inadequate volume of fusing media resulting in temperature variation 


Improper heat during reflow 


. Inadequate etchback 


Incorrect agitation 

Improper lamination and curing 
Nail heading 

Hardened epoxy smear 
Unbalanced and/or depleted bath 


. Laminate voids 


Improperly cured resin 
Improper flow of resin 
Border barriers 

Too little prepreg to allow fill 


. Mealing 


Insufficient removal of fluxes 
Improper cleaning 


. Measling 


Moisture. 
Pressure 
Internal stresses 


. Misregistration 


Dimensional stability of base 
materials 

Registration of artwork 

Care in punching layers and artwork 


. Plating adhesion 


Improperly cleaned surface 
Resist residue 
Imbedded pumice on surface 


. Plating, cracks 


Brittle copper 

Excessive brightness 

Excessive levelers 

Resin content contributing to z 
expansion 


. Plating, peeling 


Improperly cleaned surface 
Pumice imbedded 


. Plating voids 


High current density 
Tnadequacies in electroless copper 
process 


Improper bath temperature 
Improper time exposure 

Presence of Novalac in Epoxy resin 
Incompatibility of materials 


Temperature and/or pressure 
improper 
Poor material selection 


Moisture entrapment 
Hygroscopic coating 


Volan in lieu of silane glass treatment 
Excessive heat 
Circuit design geometry 


Out-of-parallel laminating plates 
Inadequate pinning 

Unstable artwork 

Worn or deformed holes in artwork 


Out-of-control electroless or under- 
plating process 

Fingerprints 

Silicones 

Contaminated copper bath 

Improper current density 

Design 

Deletion of nonfunctional pads 

Excessive etchback resulting in 
elbowing during plating 

Careless handling during processing 

Plated at imporper current density 

High-stress plating 

Depleted electroless bath 

Particles of photoresist not removed 

Improper anode displacement 

Improper agitation (cavitation) 
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Storing boards with no copper strike 
following electroless deposition 
. Resin starvation 
Improper mix of resin 
Laminating plates out of parallel 
. Slivers 
Excessive overhang 
. Solderability 
Oxidation 
. Weave Exposure 
Inadequate butter coat 
Excessive pressure 


Contamination in bath 

Unbalanced plating solution 

Excessive pressure during lamination 

Resin content 

Weave count of fabric 

Overetched 

Brittle overplate 

Porous copper 

Photoresist residue 

Fabric size too large for end product 
Thickness 

Careless workmanship practices 


Overexposure to electroless tin 


14. Major Defects ‘The most significant major defects which relate to the boards are listed 
here as an aid in the evaluation of finished printed wiring assemblies: 

. Solder bridging between adjacent circuits or excessive protrusions or peaks. 

. Holes in the board which are not specified on the assembly drawing, 

. Corrosion, discoloration, or both on the metal surfaces of boards, 

. Softening, blistering, or discoloration of the board. 

. Inadequate coverage of conformal coating on the printed wiring assembly, 

. Conformal coating on areas which are specified to be free of it, 

+ Flux residues and contaminants on uncoated printed wiring assemblies. 


8. Pinholes or small spots of copper showing on conductors that exceed 5 percent of | 


the conductor area, 
9. The presence of conformal coating on the adjustable portion of adj 
components, 
10. The presence of conformal coating on electrical and mechanical mating st 
such as connector contact points, serew threads, and bearing surfaces. 
11, Incompatibility of the conformal coating with the other parts of the p 
wiring assembly. 


12. Construction, masking, or protection of printed wiring assemblies inadequate to” 


prevent degradation of the electrical properties by the conformal coating. 

13. Unauthorized repair, (This pertains to repairs but not to rework or touch-up.) 

14. Degradation of the mechanical, electrical, or physical properties of the printet 
wiring assembly caused by repair operations, 

15, Circuit boards that are charred, burned, blistered, chipped, gouged, separated, 
otherwise damaged. 

16. Physical damage or change in rating of components resulting from the straighten- 
ing, cutting, bending, insertion, or clinching of wire leads, 

17. Component parts not securely supported on the board. 


15. Minor Defects 

1. Wrong flux 

2. Nonuniformity of appearance of the printed wiring assembly. 

3. Inadequate cleanliness of the printed wiring assembly as evidenced by the 
presence of dirt, foreign matter, oil, fingerprints, corrosion, salts, flux residues, 
contaminants, 

4, Component polarity markings not visible. 


TRACEABILITY 


Because of the possibility of latent defects, it is essential that the fabricator establish and 
maintain a traceability program for all boards used in high-reliability programs. The 
traceability program must begin at the lamination panel level and continue to reflect the 
exact disposition of each board from that panel, including the serial number of the 
equipment in which the board is located. A record of rejected boards should be kept, and 
the reason for rejection should be identified. The program may be set up in such a manner 
that the data can be sorted and compiled by electronic data processing. 
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RELIABILITY TESTING - 
liability testing is normally thought of as a means of testing discrete compo- 
ee Peet Obie assemblies, there is merit to evaluating the exposed boards for 


plated- hol ity. 
eae s sige three recommended reliability tests. The tests are recom- 


mended in sequence. 


+36°C 
1 HOUR 30 MIN 
+25°C 15 MIN 


1 HOUR 30MIN 
-65°C 
Fig. 18.4 Fast burn-in cycle. 


+71°C + 71% 
5 HOURS* 5 HOURS* 


Shes 2HOURS* 
1 Sete 


10-1 ION EACH HOUR AT 2-2, *10-MIN. VIBRATION EACH HOUR AT 2-29, 
¥ S60 Hs CNONRESONANT 20-60 Hz (NONRESONANT) 


t Vol YCLING S0-110% DURING + VOLTAGE CYCLING 90~-110% DURING 
THESE TRANSITIONS, THESE TRANSITIONS. 
Fig. 18.6 Reliability demonstration test; iden- 
tical to regular burn-in, except that there are 
150 cycles and tests are done on a sampling 
basis, 


APPENDIXES 


A. PRODUCTION, INSPECTION, AND TESTING CHECKLIST 


. Cut laminate material to size 
. Stamp copper thickness (two sides) 
. Pumice-scrub 
Chemically clean surface 
. Degrease 
. Photoresist application 
. Print pattern (two sides) 
. Develop pattem (two sides) 
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. Touch up layers (two sides) MIL-P-55424 Printed Wiring Boards, Multilayer 
. Etch layers MIL-P-55561 Foil, Copper, Cladding for Printed Wiring Boards 
iS Bee ee. MIL-P-55617 Plastic Sheet, Thin Laminate, Metal Clad 
Gene hee ‘MIL-P-55636 Glass Cloth, Resin Preinpregnated (B-Stage) 
Niscecbinvens MIL-P-35640 Printed Wiring Boards, Multilayer (Plated-Through-Hole) 
. Store in lay-up room in plastic container MIL-P-82585 (OS) Printed Wiring Boards 
. Prebake material ‘MIL-I-46058 Insulation Compound, Electrical (for Coating Printed Cirenit 
. Cut prepreg material to size _ Assemblies) 
. Punch prepreg material MIL-Y-1140 Yam, Cord, Sleeving, Cloth, and Tape-Glass 
Be es ees MILT-10727 Tin Plating, Electrodeposited or Hot-Dipped 
Piecectlas Gooey) | MIL-F-14256 Flux, Soldering, Liquid (Rosin Base) 
Laminate boards (use appropriate fixture) MIL-C-14550 Copper Plating, Electrodeposited 
. Trim edges of excess resin MIL-G-45204 Gold Plating, Electrodeposited 
. Inspect laminated board (trim decal) MIL-L-13808 Lead Plating, Electrodeposited 
pany MIL-R-46085 Rhodium Plating, Electrodeposited 
Etch-back holes MIL-P-81728 Tin-Lead, Electrodeposited 
. Vapor-blast MIL-STD-130 
. Inspect holes MIL-STD-202 Test Methods for Electronic and Electrical Components 
aS Senses MIL-STD-275 _ Printed Wiring for Electronic Equipment 
canes urea MIL-STD-429 Printed Circuit Terms and Definitions 
. Inspect plating (microsection) MIL-STD-454 Standard General Requirements for Electronic Equipments 
. Sand board (both sides) MIL-STD-781 _Reliability Tests: Exponential Distribution 
. Hues clean ed MIL-STD-810 _ Environmental Test Methods 
‘coaso MIL-STD-883 Test Methods and Procedures for Microelectronics 
. ‘grease 
eiRncly costs MIL-STD-1495 
|. Print image QQ-S-571 Solder, Tin, Alloy, Lead-Tin Alloy, and Lead Alloy 
. Develop image QQ-N-290 Nickel Plating, Electrodeposited 
. ee : ‘L790 Tape, Pressure, Sensitive 
rnepece peeing FED-STD-151 Metals: Test Methods 
. Remove photoresist or ink FED-STD-406 Plastics: ‘Test Methods 
. Blacklight inspection (photoresist) 
Etch 


» Touch up 
. Reflow, if solder plated 
Blank, pierce, and notch (machine if desired) 
). Test boards 
. Inspection manufacturing 
. Mark screen 
. Serialize 
|. Inspection manufacturing 
. Inspection quality control 
. Pack 


B. REFERENCE AND GOVERNMENT SPECIFICATIONS 

MIL-P-18177 Plastic Sheet, Laminated, Thermosetting, Glass Fiber Base, 
Resin 

MIL-P-13949 Plastic Sheet, Laminated, Metal Clad for Printed Wiring 

MIL-S-45743 (MI) Soldering, Manual Type 

MIL-P-46843 (MI) Printed Circuit Assemblies, Design and Production of 

MIL-S-46844 Solder Bath Soldering of Printed Wiring Assemblies, Autom 
Machine Type 

MIL-P-55110 Printed Wiring Boards 


Inspection Operations 

Use of Test Patterns. 

How to Determine What Is Acceptable or Rejectable .. 
‘The Materials Review Board . 


4. Layer-to-Layer Registration, X-ray Method 

5. Plated-through Holes: Roughness and Nodulation 
6. Eyelets ... 

7. Base Material Edge Roughness 
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24, Dimensional Inspection . 
Mechanical Inspection . 
25. Plating Adhesion 
26. Solderability .. 
27. Alloy Composition . 
28. Thermal Stress, Solder Float Test 
29. Peel Strength .. 
30. Plated-through-Hole Structure 
‘31, Terminal Pull 
32. Mechanical Inspection 
Electrical Inspection 
93. Continuity 
‘34. Insulation Resistance . 
35. Current Breakdown, Plated-through Holes 
36. Current-Carrying Capacity. 
97. Dielectric Withstanding Voltage 
38, Electrical Inspection: 
Environmental Inspection . 
‘39. Thermal Shock . 
40, Moisture Resistance 
41. Outgassing . 
Summary . 
Test Specifications and Methods Related to Printed Boards 
Ger Specifications Related to Printed Board: 
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INSPECTION OPERATIONS 


Quality assurance operations can be performed by the purchaser or contracted out to an_ 
independert company. Wherever it is performed, however, there must be access to 
facility equipped with the required types of mechanical gauges, as well as microsect 
ing, chemical analysis, dimensional measuring, and electrical and environmental 
equipment called for in these procedures. 

Quality assurance requirements are usually met by one of the following methods: 


1. Inspection data submitted by the fabricator are reviewed for: compliance to design 
requirements. 


2. Inspection data submitted by the fabricator are reviewed and a sample lot inspec _ 


tion is performed, 
3. A complete inspection is performed to all design requirements including destrae 
tive testing. 

Where and how the inspections are performed is a question of economics and availabil- 
ity of experienced personnel. Management should review all aspects of the question, such 
as equipment cost and maintenance, work volume, time to and from quality assurance 
facility location, and personnel availability, prior to making a decision. 


USE OF TEST PATTERNS 


The use of test patterns located outside the finished circuit border area to monitor alll 
processes and also be utilized for microsectioning is a controversial subject. Some persons — 
state that test patterns located outside the border area usually have thicker 
thicknesses than the actual printed circuit pattern and, therefore, are not representative 


the actual pattem. Others debate that the cost savings of not destroying actual circuits — 


overshadow any slight differences in plating thicknesses. Test pattems are useful mecha 

nisms for performing destructive tests such as peel strength, terminal pull 

pecenait » and solder shock as an indication of the integrity of the finished pri 
ards. { 
The use of test patterns for the acceptance of printed boards is therefore an individual 
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question and must be resolved for each design requirement and the economic advantage 
of various inspection operations. 


HOW TO DETERMINE WHAT IS ACCEPTABLE OR 
REJECTABLE 

‘The question of what is acceptable or rejectable must be answered for individual printed 
board design functions. “Functionality” should be the ultimate criterion for acceptance, A 
printed board which will see extreme environmental conditions should not be inspected 
to the same requirements as a printed board for an inexpensive radio. Some of the 
characteristics normally inspected come under the heading of workmanship. In the 
majority of designs those characteristics are cosmetic and pertain to how the printed board 
looks and not how it performs. In most cases, the characteristics are inspected to establish 
a confidence level for integrity. The inspection results should be used to establish a 
fabrication quality level and not to scrap parts that will meet the functional criteria. 
Scrapping functional parts has a considerable impact on unit cost. However, the same 
workmanship characteristics can have an effect on function of some designs, and the 
effects of the different characteristics will be discussed later in this chapter, The determi- 
nation of printed boards that do not meet specified acceptance requirements but are 
functional should be made by a materials review board. The levels of acceptance have to 
be established by each company; they are dependent on the functional criteria to which 
the printed board will be subjected. 

IPC has established recommended guidelines for acceptance levels categorized as 
preferred, acceptable, and reject. The acceptance guidelines in this chapter, however, 
utilize only two categories: preferred and nonpreferred. The illustrations in the nonpre- 
ferred category are typical examples of rejectable conditions. They will guide individuals 
in establishing minimum acceptance levels applicable to their functional requirements. 


THE MATERIALS REVIEW BOARD 


The materials review board (MRB) is usually comprised of one or more representatives 
from the departments of quality, production, and design. The purpose of the materials 
review board is to effect positive corrective action to eliminate the cause of recurring 
repancies and prevent occurrence of similar discrepancies. The board’s responsibili- 
ties include: 
1. Reviewing questionable printed boards or materials to determine compliance or 
noncompliance with quality and design requirements. 
. Reviewing discrepant boards for effects on design functionality. 
3. Authorizing repair or rework of nonconforming materials, when appropriate. 
4, Establishing responsibility and/or identifying causes for nonconformance. 
5. Authorizing scrappage of excessive quantities of materials. 


VISUAL INSPECTION 


Visual inspection is the inspection of characteristics which can be seen in detail with the 
unaided eye. Magnification, approximately 10x, is advantageous for viewing questiona- 
ble characteristics after their initial location with the unaided eye. 

The viewing of printed board microsections for defects is the exception. Defects such as 
epoxy smear and plated-through-hole quality require magnifications of 50x to 350x, 
depending on the characteristic. Visual inspection criteria are difficult to define grammati- 
cally, because individuals interpret words differently. 

An effective way to define visual inspection criteria is to use line illustrations or 
photographs. IPC utilized this method in the publication “Acceptability of Printed 
Wiring Boards Manual” to “visually standardize the many individual interpretations to 
Specifications on printed wiring boards.” 

Of the different types of inspection, visual inspection costs the least. Visual inspection 
by unaided eye is usually performed on 100 percent of the printed boards or on a sample 
taken following an established sampling plan. MIL-STD-105, Sampling Procedures and 
Tables for Inspection by Attributes, is frequently used for this purpose. Inspection for 
Visual defects, following a sampling plan, is done on the premise that the boards were 100 
Percent visually screened during the fabrication process. 
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Defects which usually can be detected by visual inspection m: 


y be divided into three 
groups: surface defects, base material defects, and other defects. 


1. Surface Defects Surface defects include dents, pits, scratches, surface roughness. voids, 
pinholes, inclusions, and markings. Dents, pits, scratches, and surface roughness usually 
fall in the class of workmanship. The defects, when minor, are normally considered to be 
cosmetic, and they usually have little or no effect on functionality. However, they can he 
detrimental to function in the plated contact area (Fig. 19.1), . 

Voids in conductors, terminal areas, and plated-through holes can be detrimental to 
function depending on the degree of defect. Pinholes and inclusions are in the same 
category. Voids or pinholes either of which reduce the effective conductor width, redues oN Newent 
current-carrying capacity. Voids in the hole wall plating area result in reduced conductiy- 

reased circuit resistance, and voids in plated-through hole solder fillets (Fig. 19.9), 


CONDUCTOR AREA 


TERMINAL, 
AREA 


PINHOLE voip 


Fig. 19.1 Plated contact area. (a) Preferred: plated contact area free of delaminati 
dents, nodules, and scratches. (b) Non 


n, pits, pinholes, 
itch depth at the contact area exceeds the 
2) delamination of one of the plated contacts (IPG). 


SECTION A-A, 


Fig. 19.3 Pits, dents, pinholes, and voids (Sandia Laboratories). 


Fig. 19.2 Voids in hole. (a) Preferred: no voids in hole. (b) Acceptable: no more than three voids in 
the hole; total void area does not exceed 10 percent of the hole wall area. (c) Nonpreferred: voids 
exceed 10 percent of the hole wall plating area; circumferential void present (IPC). 


Voids in terminal areas are also detrimental to solderability. Pinholes or voids ean 
undermine the top metal plate (Figs, 19.3 and 19.4). The degree of undermining depends 
on when during the fabrication pro the defect occurred. 

The defects in this group are defined as follows: 

1 Dents. Depressions which do not significantly decrease the surface thickness. 

2 Pits. Small holes occurring as imperfections which do not penetrate entirely 
through the metal foil. 

3 Scratch. Slight surface marks or cuts. 

4 Surface roughness. Not smooth or level, having bumps, projections, et 

5 Voids. Absence ofa deposited substance in a localized area. Base material exposed. 

6 Pinholes. Imperfections occurring as small holes which penetrate entirely through 
the metal foil. 

7 Inclusions. Foreign particles in the conductive layer or plating and/or the base 
material. Inclusions in the conductive pattern, depending on degree and material, can 
affect plating adhesion. Inclusions in a conductor greater than 0.005 in (0.127 mm) in their 
greatest dimension are usually cause for rejection, but inclusions less than 0.0001 in 
(0.00254 mm) in their largest dimension are usually allowed. Metallic inclusions in the 
base material reduce the electrical insulation properties and are not normally acceptable. Fig. 19.4 Severe pitting and pinholing (IPC). 
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8 Markings (legend). Marking is a method of distinguishing printed boards with 
identifying information such as part number and revision letter. It can be the origin of 
another surface defect. The condition is usually considered minor; but if there are 
different revisions to the same part number, markings that are missing or partially 
obscured could have an effect on functionality (Fig. 19-5). 


2, Base Material Defects Visual inspection is also used to detect the following base 
aterial defects: measling, crazing, blistering, delamination, weave texture, weave expo- 
sure, fiber exposure, and haloing. (Fig. 19-6). These defects have been a source of 
controversy as to what is good or what is bad. IPC formed a special committee in 1971 to 
consider base material defects and to better define them with illustrations and photo- 
graphs. The conditions are defined and discussed here 


Fig. 19.5 Part numbers partially obscured and missing (Sandia Laboratories). 


1 Measling. A condition existing in the base laminate in the form of discrete white 
spots or crosses below the surface of the base laminate. It reflects a separation of fibers in 
the glass cloth at the weave intersection. 

A report compiled by IPC, titled “Measles in Printed Wiring Boards,” was released in 
November 1973, The report stated that “measles may be objectionable cosmetically, but 
their effect on functional characteristics of finished products are, at worst, minimal and 
most cases insignificant.” 

2 Crazing. A condition existing in the base laminate in the form of connected white 
spots or crosses on or below the surface of the base laminate. It reflects the separation of 
fibers in the glass cloth and connecting weave intersections. 


(c) 


Fig. 19.6 Base material defects: (a) measling, (b) blistering, (c) fiber exposure, and (d) crazing (IPC). 
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When two or more measles are interconnected, the defect is then termed “crazing.” The 
condition can affect the printed board function if it bridges between two plated-through 
holes. Crazing is considered to be an internal separation within a fiber bundle. Moisture 
or other corrosive residues could be trapped in the crazed area and reduce electrical 
insulation. 

3 Blistering. A localized swelling and separation between any of the layers of the 
pase laminate and/or between the laminate and the metal cladding. 

4 Delamination. A separation between any of the layers of the base laminate, and/or 
between the laminate and the metal cladding, originating from or extending to the edges 
of a hole or edge of the board. 

Blistering and delamination are considered to be major defects. Whenever a separation 
of any part of the board occurs, a reduction in insulation properties occurs. The separation 


(a) 


© (@) 


Fig. 19.7 Bas 
texture (IPC). 


terial defects: (a) haloing, (b) weave exposure, (c) delamination, and (d) weave 


area could also house entrapped processing solutions that contribute to corrosion and 
other detrimental effects in certain environments (Fig, 19.6). There also is the possibility 
the delamination or blister area will increase to the point of complete board separation. 
Last, but not least, is the question of solderability in plated-through holes. Entrapped 
moisture, when subjected to soldering temperatures, has been known to create steam that 
blows holes into the sidewalls of the plated-through holes and creates large voids in the 
solder fillet. 

5 Weave texture. A surfice condition in which the unbroken fibers of the woven glass 
oe are completely covered with resin but exhibit the definite weave pattern of the glass 
cloth. 

6 Weave exposure. A surface condition in which the unbroken woven glass cloth is 
not uniformly covered by resin. Weave texture and weave exposure differ in the degree of 
defect (Fig. 19.7). A condition of weave texture after the board has been completely 
fabricated is considered a minor defect. However, if the condition materializes during 
processing, a judgment must be made concerning the possible attack of subsequent 
Processing chemicals. Weaye texture, usually caused by the lack of sufficient resin, can 
become weave exposure if processing chemicals do attack the thin resin layer. 

Weave exposure is considered a major defect. The exposed glass fiber bundles allow 
Wicking of moisture and entrapment of processing chemical residues. 

7 Fiber exposure. A condition in which broken glass cloth fibers are exposed on 
maehined or abraded areas. The effect on printed board operation is the same as that of 
Weave exposure. 

8 Haloing. A base laminate condition consisting of a light area around a hole or other 
machined area on or below the surface of the base laminate. Haloing is usually a condition 
of edge delamination either at the board edge or at the edges of non-plated-through holes. 
The open fissures are a potential source of electrical problems; they can entrap moisture 
r corrosive chemical salts. In either case a definite defect is present, but the depth of the 
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defect must be taken into consideration. Some board users will allow up to 0.050 in (127 
mm) on a limited scale. The end use of the board must be taken into consideration before 
haloing can be labeled a major or minor defect. 


3. Epoxy Smear The condition known as epoxy smear is caused by excessive heat, 
generated during drilling, softening the epoxy in a hole and smearing it over exposed 
internal copper areas. The condition creates an insulator between the intemal terminal 
areas and subsequent plated-through holes, and the result is “open circuits,” The defect is 
removed by chemical cleaning. Inspection for epoxy smear is performed by viewing 
vertical and/or horizontal microsections of plated-through holes. 

Chemical cleaning is the chemical process used in the manufacture of multilayer 
boards. Its purpose is to remove only epoxy from conductive surfaces exposed in the 
inside of the holes (Fig, 19.8). Sulfuric or chromic acid is used in the chemical cleaning 
process; subsequent inspection indicates whether it has fulfilled its purpose. 


Fig. 19.8 (a) Preferred: no evidence of epoxy smear between layer and plating in the hole. (b) 
Nonpreferred: evidence of epoxy residue or epoxy smear between intemal layer and plating in the hole 
(IPC), 


4, Layer-to-Layer Registration, X-ray Method The X-ray method provides a nondestructive 
way to inspect layer-to-layer registration of internal layers of multilayer boards. It utilizes 
machine and, usually, Polaroid film. The multilayer board is X-rayed in a 
al position. The X-ray photos are then examined for hole breakout of the internal 
terminal areas. The lack of an annular ring denotes severe misregistration (Fig. 19.9). 


5. Plated-through Holes: Roughness and Nodulation Roughness is an irregularity in the 
sidewall of a hole; nodulation is a small knot or an irregular, rounded lump. Roughness 
and/or nodulation creates one or more of the following conditions: 

1, Reduced hole diameter 

2, Impaired lead insertion 
3. Impaired solder flow through the hole 

4, Voids in solder fillet 

5. Possible entrapment of contaminants 

6. Highly stressed areas in the platin 

Although roughness and nodulation are not desirable, they are allowable in small 

amount. Specifications have a tendency to use simple, generalized statements such aS 
“good uniform plating practice” when defining acceptability criteria. Such statements 
require that a judgment be made by the inspector as to what is acceptable or rejectable. 
The use of visual aids allows judgments to be made by different inspectors within a close 
degree of consistency. Figure 19.10 illustrates the acceptance criteria recommended by 
the Institute of Printed Circuits. 


6. Eyelets Metallic tubes, the ends of which can be bent outward and over to fasten them 
in place, are called eyelets, Eyelets are used to provide electrical connections with 
mechanical strength on printed boards. Acceptability of eyeleted printed boards is based 
on eyelet installation. Eyeleted boards should be inspected for the following conditions: 
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1. Form of the flange and/or roll should be set in a uniform spread and be concentric 
to the hole. 

2. Splits in the flange or roll should be permissible provided they do not enter the 
barrel and provided they allow proper wicking of solder through the eyelet and around 
the setting. 

3, Eyelets should be set sufficiently tight that they cannot move. 

4, Eyelets should be inspected for improper installation, deformations, etc. 

5. A sample lot of eyeleted holes should be microsectioned to inspect for proper 
installation. 

Institute of Printed Circuits acceptance criteria for roll and funnel flange eyelets are 
shown in Figs. 19.11 and 19.12. (See pages 19-10 and 19-11, respectively.) 


(a) (b) 
Fig. 19.9 Layerto-layer registration, X 
Nonpreferred: extreme misregistration 
circumference (IPC), 


ay method, (a) Preferred: all layers accurately registered. (b) 
insufficient measurable annular ring exists on a segment of 


(a) (b) 


Fig. 19.10 Plated-through-hole roughness or nodulation. (a) Preferred: (1) plating is smooth and 
niform throughout the hole; (2) no evidence of roughness or nodulation. (b Nonpreferred: (1) 
ness or nodulation reduces plating thickness below minimum requirements; (2) roughness or 
nodulation reduces finished hole size below minimum requirements; (3) excessive roughness or 
nodulation permits outgassing of the hole when it is solder-dipped (IPC). 
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7. Base Material Edge Roughness Base material edge roughness occurs on the printed 
board edge, cutouts, and non-plated-through-hole edges (Fig. 19-13). It is classified wt 
workmanship condition, and it is created by dull eutting tools causing a tearing action 
instead of a clean cutting action. 


8. Visual Inspection The board attributes subjected to nondestructive and destructive 
visual inspection are listed in Table 19.1, 


TABLE 19.1 Visual Inspection Chart 


Nondestructive 


Subject 


Dents 

Pits 

Scratches 

Voids 

Pinholes 
Inclusions 
Surface roughness 
Markings 

Measli 


Delamination 

Weave texture 

Weave exposure 

Haloing 

Chemical cleaning 

Layer-to-layer registration, X-ray method 

Plated-through-hole roughness and 
nodulation 

Eyelets 

Base material edge roughness 


XM XXKXK KKK XX KX 


xx 
x 


Re 
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DIMENSIONAL INSPECTION 


Dimensional inspection is the measurement of the printed board attributes such that 
dimensional values are necessary to determine compliance with functional requirements. 
The methods of inspection vary, but the basic inspection equipment consists of gauges 
and measuring microscopes. More sophisticated equipment is available; it includes 
comparators, numerical control measuring equipment, coordinate measuring systems, 
micro-ohm meters, and beta backscatter gauges. 

Dimensional inspection is usually performed on a sampling plan basis. One such plan, 
t termed acceptable quality level (AQL), is specified as the maximum percent of defects 


(a) 


Fig. 19.11 Roll flange eyelets. (a) Preferred: (1) eyelet set uniformly and concentric to hole; (2) strait 
or stress marks caused by roll-over kept to a minimum, (b) Nonpreferred: (1) eyelet flange uneven OF 
crushed; (2) splits entering the barrel (IPC). 
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which, for the purpose of sampling, can be considered statistically satisfactory fora given 
product. The following attributes fall in the category of dimensional inspection. 


g.Annular Ring The circular strip of conductive material completely surrounding a hole is 
called the annular ring (Fig. 19.14). The primary purpose of the annular ring is that of a 
flange surrounding a hole; it provides an area for the attachment of electronic component 
Jeads or wires. 

‘Annular ring width of 0.010 in (0.254 mm) is a standard requirement, but some 


() 


Fig. 19.12 Funnel flange eyelets. (a) Preferred: (1) funnelet set uniformly and concentric to hole; (2) 
strain or stress marks caused by setting kept to a minimum, (b) Nonpreferred: (1) funnelet periphery 
uneven or jagged; (2) splits enter into barrel (IPC). 


BURR DELAMINATION 


Fig. 19.13 Base material edge roughness (Sandia Laboratories). 


TERMINAL AREA 
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TERMINAL AREA 
POSITIONAL LIMIT 


MINIMUM 


pete ANNULAR RING 


Fig. 19.14 Annular ring (Sandia Laboratories). 
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specifications have allowed rings as small as 0.005 in (0.127 mm). Figure 19.15 shows 


holes neatly centered in the terminal area, and shows holes on the extrem edge 
terminal area and holes breaking the edge. Holes that extend beyond the terainal se 
generally not acceptable. 


10. Pattern-to-Hole Registration The annular ring can also be used 


for determining regis 
tration between the pattem and the holes (Fig. 19.16). Some a 


designers dimension a 


terminal area to each datum on the master drawing. By verifying the dimensions 
printed boards and then verifying that the minimum widths of the annular ring, aa 


Fig. 19.15 Terminal area registration. (a) Preferred: holes neatly centered in the terminal area. (b) 


Nonpreferred: holes not centered in the terminal area (IPC). 


>ocaTion oF parrenn suau. ee oerenmueo 
BY THE TWO WOICATED ToMMRNAL AREAS 
THN THE TOLERANERS Seen 
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Fig. 19.16 Terminal area to datum registration (Sandia Laboratories). 


other terminal areas, are within the drawing requirements, the pattern is considered to be 
in registration with the drilled hole location. Front-to-back registration is also inspected 9 
this manner. 


41. Conductor Width The conductor width affects the current-carrying capacity of the. 
conductor. A decrease in conductor width decreases the current-carrying capacity and 
increases electrical resistance. Most current-carrying capacity graphs take the fabricatio 
cos into consideration and adjust the current-carrying capacity to allow for a margin 0 
safety. 
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Although the conductor width definition is very basic, there are two different interpreta- 
tions as to where on the conductor the measurement is performed. (1) The minimum 
conductor width is measured at the minimum width of the conductor (Fig. 19-17) and (2) 
the conductor width is the observable width of the conductor at any point chosen at 
random on the printed board when ready for delivery and viewed vertically from above 
(Fig. 19.18). The minimum conductor width is always measured. Usually it can be 
measured only on a conductor cross section, and it is a destructive inspection. Plating 
giowth, during pattern plating, can prevent the minimum width from being seen unless a 
ross section is performed. 

‘The conductor width is always nondestructive and easily measured; see Fig. 19-19, 


Y Z Vda 


Fig. 19.17 Minimum conductor width (Sandia Fig. 19.18 Conductor width (Sandia Labora- 
Laboratories). tories). 


Fig. 19.19 Edge definition (Sandia Laboratories). 


dimension C. The difference between the minimum width and the point which is 
measured vertically can have an effect on the current-carrying capacity and the imped- 
ance. Therefore, check the design drawing notes and associated specifications to deter- 
tine which conductor width measurement method is required. 


12. Conductor Spacing The distance between adjacent conductors on any single layer of a 
Printed board, is defined as conductor spacing. The spacing between conductors and/or 
terminal areas is designed to allow sufficient insulation between circuits. A reduction in 

ie spacing can cause electrical leakage or affect the capacitance. The cross-sectional 
Width of conductors is usually nonuniform. Therefore, the spacing measurement is taken 


at the closest point between the conductors and/or terminal areas; see Fig. 19-19, dimen- 
sion B. 
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13. Edge Definition The fidelity of reproduction of pattern edge relative to the origi same plane. Twist is a bending or curving distortion from a true, or plane, surface, in a 
master pattem is called edge definition. It falls in the cosmetic effects category an ction parallel toa board diagonal. No more than three comers are in the same plane. 
not normally affect functionality. It can, however, have an effect on high-voltage circuits: ‘a ‘Warp and twist, on a printed board, are inspected when the conditions impair function. 
corona discharge may be caused at the irregular conductor edges. Warp and/or twist on a board is detrimental when the board must fit in card guides or in 
Measurement of edge definition is performed by measuring the distance from the crest. packaging configurations in which space is limited. Two methods are recommended for 


TAPER PIN GAUGE 


(a) (B) 


Fig. 19.21 Hole-measuring methods: (a) Drill blank plug method, and (b) Kwik-Chek or taper pin 
method of measuring the hole diameter (Sandia Laboratories). 


measuring the degree of warp and/or twist: the indicator height gauge method and the 
feeler gauge method, 
The indicator height gauge method (Fig. 19-22, page 19-17) is as follows: 


Fig. 19.20 Edge definition (a) Preferred: conductor edges are smooth and even within tolerance. (b) 1. Place the board, unrestrained, on a flat horizontal surface (surface plate) with the 


Nonpreferred: conductor edges are poorly defined and outside tolerance (IPC). convex surface of the board upward. 
2. Take reading at edge of board. Contact flat surface Ry. 
to the trough; see Fig. 19.19, dimension A. A popular specification is 0.005 in (0.127 mm) 3. Take reading at maximum vertical displacement Rj. 
crest to trough, Isolated indentations which do not reduce the conductor width by more 4. Subtract R; from Ry. 
than 20 percent are usually allowed. See Fig. 19.19, dimension D. Also allowed are Nore: Care must be taken to make both readings on circuitry or base material! 
isolated projections which do not reduce the conductor spacing below specification 5. Multiply length of board by allowable inch per inch warp. 
requirements. As stated above, projections can produce corona discharge in high-voltage 6. The difference of R; from R, should be equal to or less than the product in step 5. 
circuits, Figure 19.20 illustrates isolated indentation and projection and edge definition. The feeler gauge method as shown in Fig. 19.23, page 19-18 is as follows: 


1. Place the board, unrestrained, on a flat horizontal surface (surface plate) with the 
convex surface of the board upward. 

2. Multiply length or width of board by inch per inch allowance. 

3. Select feeler gauge (gauge blocks, or gauge blanks), for the maximum allowance. 

4, Attempt to slide the feeler gauge under the board at point of greatest deviation. 

5. Ifthe gauge does not enter under the board, board is within tolerance. If the gauge 


14. Hole Specifications Hole size is the diameter of the finished plated-through or 
unplated hole. A plated-through hole is an interfacial or interlayer connection formed by 
deposition of conductive material on the sidewall of a hole through the base. An unplated 
hole is a hole which has not been plated. The hole size measurement is performed to 
verify that the hole meets minimum and maximum drawing requirements. The size 
requirement is usually associated with a fit requirement of a component lead, mounting enters under the board, the board is out of tolerance. 
hardware, ete. \ Use either method described above to measure twist, but measure diagonally (corner to 
Two basic methods are used to measure hole size: (1) drill blank plug or suitable gauge corner) for inch per inch multiplier. 
(Fig. 19-21) and (2) optical, The latter method is utilized when soft coatings over the a. IPC Tolerance Recommendations. The presentations in Tables 19.2 to 19.4 are for the 
copper are used. The optical method prevents deformation of the soft coatings within tolerances to be multiplied by the maximum board dimension. The maximum board 
hole. When Kwik-Chek or drill blank plug gauges are used, the inspector should acquire a dimension for a rectangular board is the longest edge distance; for a circular board it is the 
soft touch to prevent damage to the hole. diameter; and for an elliptical board it is the major axis. 
Plating nodules are sometimes present in the hole and restrict the penetration of the A gross differential of conductor area and distribution may increase the tolerances given 
gauges. Forcing the gauges into the holes causes the nodules to be dislodged, and that in Tables 19.2 to 19.4. Closer warp tolerance may limit selection of raw materials or make 
results in voids in the plated-through-hole sidewall. unusual manufacturing operations or shipping procedures necessary. 


15. Warp and Twist Warp is a deviation from flatness of a board characterized by a roughly 


16. Conductor Pattern Integrity Several methods are used to determine conductor pattern 
cylindrical or spherical curvature such that, if the board is rectangular, its corners are 


integrity, i.e., the quality or state of being complete. Some methods include the use of 
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within drawing requirements. 


TABLE 19.2 Tolerances—Pattern on One Side (IPC-D-300) 
Base material thickness Paper base Glass base 


Less than 0.0625 in (1.59 mm) 0.025 infin 0.15 infin 
(0.025 mm/mm) (0.015 mnvmm) 


0.0625 to 0.0937 in (1,59 to 2.38 mm) 0.020 infin 0.010 invin 
(0.020 mm/mm) 


0.0938 to 0.0125 in (2.39 to 3.18 mm) 0.012 infin 
(0.012 mm/mm) 


Over 0.0125 in (3.18 mm) 0.008 infin 
(0.008 mm/mm) 


TABLE 19.3 Tolerances—Pattern on Two Sides (IPC-D-300) 
Base material thickness Paper base 


Less than 0.0312 in (0.79 mm) 0.020 infin 0.015 infin 
(0.020 mmm) 


0.0312 to 0.0625 in (0.79 to 1.59 mm) 0.015 infin 
(0.015 mm/mm) 2 


0.0626 to 0.0937 in (1.60 to 2.38 mm) 0.010 infin 


a __ 0.010 mm/mm) 


0.0938 to 0.0125 in (2.39 to 3.18 mm) 0.007 in/in 
(0.007 mm/mm) 


TABLE 19.4 Tolerances; Multilay 
Thickness 


All thicknesses 0.010 infin 0.030 infin 
(0.010 mm/mm) (0.030 mnv/mm) 


Class A. Specified for stringent functional requirements. 
Class B. Specified for normal functional requirements, 
Class C. Specified for minimum functional requirements. 


17. Contour Dimensions Contour dimensional inspection verifies that the outside border 
dimensions are within the drawing requirements. Contour dimension requirements eat 
be considered a fit requirement. Both undersized and oversized printed boards can affect 
functionality, depending upon the degree of requirement violation. Measuring s 
vary from the use of a ruler or calipers to sophisticated numerical control equipment. The 
siphon of the method is naturally, dependent on the required dimensions and 
tolerances, 


18. Plating Thickness 

a. Nondestruetive Methods. The plating process is used in the fabrication of numerous 
printed board designs to produce plated-through holes and conductive pattern circuitry. — 
When the plating process is utilized, a plating thickness requirement is usually specil 
on the drawing or in the accompanying specifications. Verification of the plating thick 
nesses on the pattem and in the holes is usually required to assure circuit functionality- 
‘Two of the presently popular ways to measure plating thicknesses nondestructively are by 
the beta backscatter and micro-ohm methods. 
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1. Beta backseatter method. (Reference ASTM-B-567-72) This method utilizes an energy 
source (a radioisotope) and a detector (a Geiger Miiller tube). It functions on the beta 
yadiation backscatter principle. It allows thickness measurements to be made within a 
short period of time, and it can be utilized on metallic, nonmetallic, magnetic, and 
jponmagnetic materials. 


Fig. 19.22 Indicator height gauge method (Sandia Laboratories). 


The beta backscatter method can be used to measure plating thicknesses on the 
Circuitry and in the plated-through holes during or after the board fabrication process and 
Prior to or after the etching operation. It is useful only in measuring the top metal 
thickness, and it reads the thickness as an average. 

_ 2, Micro-ohm method. (Reference IPC-TM-650-2.2.13.1) The micro-ohm method fune- 
tions as a four-wire resistance bridge circuit that imposes a constant current across the area 
Under measure and measures the voltage drop across the same area. The answer is given 
in ticro-ohms. In plated-through-hole measurements, it treats the hole as a cylindrical 
pastor. The method is effective only after the circuitry has been etched. When two 
different metals are used on top of one another, only the lowest-resistance metal thickness 
¥8 detected. Like the beta backscatter method, the micro-ohm method reads the thickness 
nly as an average. 

». Destructive, Microsection Method. The verification of plating thicknesses on the sur- 

© and in the holes, by the microsection method, usually requires three measurements at 
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three different locations on each plated hole sidewall (Fig. 19.24). The results are reported 
either individually or as an average. Care must be exercised to select locations free from, 
voids; they are usually 0.010 in (0.254 mm) apart. Examples of plating thickness are shown 
in Fig, 19-25. Typical plating thickness requirements are as follows: 


Copper .. 0.001 in (0.0254 mm) minimum 

Nickel . 0.0005 to 0.0010 in (0.0127 to 0.0254 mm) 
Gold .........+- 0.000050 to 0.000100 in (0.00127 to 0.00254 mm) 
Tin-lead ........ 0.0003 in (0.00762 mm) minimum 


Rhodium - 0,000005 to 0.000020 in (0.000127 to 0.000508 mm) 


Polishing vertical plated-through-hole cross sections to the mean of the hole is critical, 
If the hole is polished less than or greater than the mean of the hole, a plating thickness 
error is introduced. Horizontal plated-through-hole cross sections are recommended as 


(b) 
Fig. 19.23 Feeler gauge method (IPC) 


references (Fig. 19.26, page 19-21). Although horizontal plated-through-hole cross sec 
tions are usually more accurate for plating thickness measurements, they do not allow 
adequate inspection of other attributes such as voids, plating uniformity, adhesion, and 
nodules, 

Surface plating thickness measurements are taken on vertical cross sections of conduc 
tor areas, Microsection mounts are usually etched with an appropriate etchant to show 
n boundaries between the copper-clad foil and the copper plating. Copper plating 
surface measurements usually exclude the copper foil thickness unless otherwise 
specified, 

c. Method of Preparing Microsections. (Institute of Printed Circuits, test method 2.1.) 
Cut from the printed board or test coupon a specimen for vertical evaluation that contains 
at least three of the smallest holes adjacent to edge. Cut additional specimens from the 
board or test coupon for horizontal evaluation. 

The test equipment and apparatus necessary for preparation of specimen is as follows? 

Glass plate 5 x 7 in (127 x 177.8 mm) 
Aluminum rings 4 in ID (31.75 mm) 


Acceptability of Fabricated Circuits 


Silicone release agent 
Room-temperature-curing potting material 
Wooden spatulas 
Plastic cups (at least 6-oz cups) 
Saw or shear 
Engraver 
240-grit abrasive 
Double-coated tape 
Metallographic polishing tables 
240-, 320-, 400-, and 600-grit disks 

Number 2 liquid alumina polish 

Polishing cloths 

Chemical etchants 
For metallographic evaluation the following equipment is necessary: 

Microscope and camera accessories 
lar eyepieces or graduated reticle 
ngraver 
hotographic film or polaroid film 

Filter lens 
The procedure for preparing the specimen is as follows: 

1, Clean glass plate and aluminum rings and dry thoroughly. 
Apply strip of double-coated tape to plate to support specimen. Apply thin film of 
release agent to glass plate and ring; then place ring on plate. 
3. Sand the long edge of the perpendicular specimen until the edges of the 

conductor pads appear and specimen will stand on edge on a flat surface. Use 240-grit 
abrasive. 


Fig. 19.24 Verification of plating thickness in holes by use of vertical cross sections (Sandia 
Laboratories), 


@ (b) 


Fig. 19.25 Examples of plating thickness. (a) Preferred: plating is uniform and meets thickness 
requirements. (b) Nonpreferred: plating thickness less than requirements (Sandia Laboratories), 
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4. When secondary plating thickness is being measured, overplate specimen with a 
harder electroplated metal. Specimens may be overplated as per ASTM method E3-38T. 

5. Measure inside diameter of plated-through holes prior to encapsulation. 

6. Stand specimen on edge on double-coated tape in aluminum ring with the 
plated-through hole edge down. For parallel specimens delete tape and lay specimen flat 
on glass plate inside ring. 

7. Mix potting material and pour to one side of the specimen until it flows through 
the holes. Support the specimen in the vertical position if necessary. Continue pouring 
until the ring is full. Avoid entrapment of air. 

8. Allow specimen to cure at laboratory temperature. Accelerated curing at a higher 
temperature following manufacturer's instructions is permissible, provided cracking or 
deformation does not occur. 

9. Identify specimen promptly by engraving. 

10. If more than one specimen is potted in one ring, the specimens should be spaced 
apart to facilitate filling the holes. Specimens should be identified with a strip of Paper 
marked with traceability information and molded into the mounting. 

The grinding and polishing procedure is as follows: 

1. Rough-grind the face of the specimen to the approximate center of the plated- 
through holes by using 240-, 320-, 400-, and 600-grit disks in that order. 

2. Flush away all residue by using tap water at room temperature. Wash hands 
repeatedly to avoid carrying over course grits. 

3. Rotate specimen 360° about the axis of the wheel and opposite the direction of 
rotation of the wheel. Keep the face of the specimen flat on the wheel. 

4. Micropolish by using a nylon disk and alumina polish number 2 until the speci- 
men is smooth and free of sanding marks and a clear sharp image of plating lines is 
evident, 

5. Rinse specimen thoroughly and, while it is still wet, chemically etch by using a 
cotton swab to highlight plating boundaries. 

6. Lightly rub twice across the specimen and immediately rinse in distilled water, 
Repeat as necessary. 

7. Rinse thoroughly after etching to eliminate carry-over of acids to the microscope. 

8. Dry specimen prior to viewing through the microscope. 

To make a microscopic examination, proceed as follow: 

1, Place specimen on the microscope stage and adjust to get specimen centered with 
the eyepiece. 

2. Focus and adjust lighting for best viewing; then scan specimen. 

3. With filar micrometer or graduated reticle make three thickness measurements of 
each plating on both walls of the plated-through hole. 

The following is the procedure for photomicrographing (composite photographs): 

1, Locate specimen and mount camera to microscope tube. Insert film pack. 

2. Set lighting and exposure time to prearranged settings. 

3, Focus on one part of one wall and push camera plunger. 

4, Immediately remove negative from the camera and develop. 

5. Take sufficient photographs to illustrate the entire length of the wall. 

6, Repeat steps 1 to 5 and photograph the opposite wall. 

7. If defective junctions, voids, etc., appear, enlarged photographs may be made. 
Enlargements should be referenced to the photomicrographs. 


19. Undercut The reduction of the cross section of a conductor, caused by the etchant 
removing metal from under the edge of the resist or plating, is called undercut. Measure- 
ment of the degree of undercut present is not usually required, because undercut is 
included in the minimum conductor width measurement. If, however, the undercut 
measurement is required separately, it is performed by first measuring the minimum 
conductor width and then subtracting that dimension from the master line width and 
dividing by 2 (Fig. 19.27). For example: 

1. Master line width dimension, a 

2. Minimum conductor width dimension, b 

3. Undercut dimension, ¢ 
Then 
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20. Overhang The increase in conductor width, caused by plating buildup, is called 
overhang. The measurement of the degree of overhang is required in some specifications. 
Excessive overhang can eventually lead to “slivering,” a thin metallic piece that breaks off 
stive pattern. 
Soe fee dimensions of one to one and one-half times, or less, the overhang 
thickness, at the point where the overhanging material extends beyond the main conduc- 
tor configuration, is usually allowed. The degree of over- 
hang is measured on a conductor cross section (Fig. 19.27). 
ample of excessive overhang is depicted in Fig. 19.28. 
method of determining if the overhang is prone to 
ering utilizes an ultrasonic cleaner; the total printed 
board is suspended in water in an ultrasonic cleaner for 1 to 
2 min. If the board is prone to slivering, metallic slivers will 
be evident along pattem edge: 


21. Etchback Etchback is the controlled removal of base 
material, by a chemical process, on the sidewalls of holes in 
multilayer boards. It is used to enhance internal layer-to- 
hole connections in multilayer boards. The degree of etcl Geet A 
back is critical to function. Too much etchback creat Taaeyy 
excessively rongh hole sidewalls and causes weak plated- eagles 
through-hole structures. tions (Sandia Laboratories). 
Etchback requirements range from 0.0002 to 0.0030 in 
08 to 0.0762 mm). The requirement is usually speci- 
minimum and a maximum. The degree of etchback is measured by utilizing 
vertical plated-through-hole cross sections of multilayer boards (Fig. 19.29) 
y etchback acceptance criteria recommended by the Institute of Printed Circuits 
are shown in Fig. 19.30. 


MASTER PATTERN WIDTH 


THICKNESS: 


Fig. 19.28 Overhang extension is approximately ten times the thickness (Sandia Laboratories). 
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22. Layer-to-Layer Registration Layer-to-layer registration has to do with the relative 
positions of printed circuitry patterns, or portions thereof, with respect to their desired 
locations on or within a multilayer printed board. It is required to ensure electrical 
connection between the plated-through holes and the internal layers. Misregistration of 
internal layers increases electrical resistance and decreases conductivity. Severe misre~ 
gistration creates an open-circuit condition: complete loss of conductivity. Two Popular 
methods of measuring layer-to-layer registration are the X-ray method described in Sec. 
and the microsection method, which is similar to the plating thickness inspection method, 
‘The microsection method consists of measuring each internal terminal area on a vertical 
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Fig, 19.29 


Etchback configurations (IPC). 


plated-through hole 's section and determining the centerline. The maximum variation 
between centerlines is the maximum misregistration (Fig. 19.31), 


23. Flush Printed Circuits A printed circuit in which the outer surface of the reproduced 
pattern is in the same plane as the outer surface of the insulating base is defined as a flush 
printed circuit. Flush printed circuits are primarily used in rotating switches, commuta 
tors, and potentiometers. Common to those uses are brush or wiper and conductor pattem 
combinations. Making the conductors flush in the above applications reduces wiper 
vibrations, wear, and intermittent or noisy signals. 

The height of the step allowed between pattern and base material is dependent on the 


(a) >) 


Fig. 19.30 Etchback. (a) Preferred: uniform etchback of base laminate; uniform plating in the plated- 
through hole (b) nonpreferred: nonuniform and excessive etchback of base laminate results in uma 
ceptable nonuniform plating in the hole (IPC). 
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relative wiper speed, the materials used, and the degree of signal error and electrical 
noise tolerable in the cireuit. A commonly accepted height allowance is as follows: 


80-200 in (2,032 x 10~ to 5.08 x 10 mm) 


Better than 50 in (1.27 x 10“ mm) 
Better than 30 xin (0.762 x 10* mm) 


Up to 50 rpm 
51 to 125 rpm 
126 to 500 rpm. 


Inspection of the degree of flushness is performed with height gauges or measuring 
microscopes (Fig. 19.32). 


24, Dimensional Inspection The dimensional board attributes subjected to nondestructive 
and destructive inspection are listed in Table 19.5. 


TABLE 19.5 Dimensional Inspection Chart 


Subject 


Nondestructive Destructive 


Annular ring 
Pattern-to-hole registration 
Conductor width 
Conductor spaci 
Edge definiti 
Hole size 

Warp and twist 
Conductor patter 
Contour dimensio 
Plating thickness 
Undercut 
Overhang 
Etchback 
Layer-to-layer registration 
Flush cireuits 


XXX KRXKXK 
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MECHANICAL INSPECTION 


Mechanical inspection is applied to characteristics which can be verified with qualitative 
physical tests. Mechanical inspection methods can be either nondestructive or destruc- 
tive. The following methods are used to verify printed board fabrication integrity. 


2S. Plating Adhesion A common method of inspecting for plating adhesion is the tape test, 
which is described in detail in the IPC Test Method IPC-TM-650, 2.4.1 and military 
specification MIL-P-55110. The basic test method is shown in Fig. 19.33, 
Another method of determining plating adhesion is applied during the preparation and 
ing of the microsection mounts. If adhesion is poor, the layers of plating will separate 
during the microsection specimen preparation or will indicate lack of adhesion at plating 
boundaries during microsection mount viewing. 

Figure 19.34 indicates lack of adhesion at the different plating boundaries, copper foil 
to copper plate and copper plate to tin-lead. 


vie 


MAXIMUM MISREGISTRATION 


Layer-to-layer registration—microsection method (IPC). 
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26. Solderability Solderability inspection measures the ability of the printed pattern to be 
wetted by solder for the joining of components to the board. It involves the use of three 
terms: (1) wetting, (2) dewetting, and (3) nonwetting. The terms are defined as follows: 

Wetting. The free flow and spreading of solder on conductors and terminal areas to 
form an adherent bond. 


(a) >) 


Fig. 19.32 Flush printed circuits. (a) Preferred: conductor is flush to the board surface. (b) Nonpre- 
ferred: conductor is not flush to the board surface and does not meet the specified tolerance (IPC 


(b) 


(c) 


Fig. 19.33 The tape test. (a) Step 1. Place transparent cellophane tape across the circuits to be tested 
and press the tape onto the circuits. Eliminate all air bubbles with finger. (b) Step 2. Lift tape on one 
end enough to get a grip. Pull tape off the printed board at approximately 90° to the board. Use a rapid 
pull. (c) Step 3. A clear tape is the preferred test result (IPC). 
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Dewetting. The phenomenon of the solder first wetting the surface and then drawing 
back becanse of improper wetting, leaving behind a thin coat of solder over the bi 

1. Most of the solder balls up at random locations on the surface. 

Nonwetting. A condition in which a surface has contacted molten solder but has had 
none of the solder adhere to it. 

Many methods for inspecting printed boards for solderability both quantitatively and 
qua itati have been established. However, the most meaningful method is that which 
will be used in the assembly soldering operation—hand soldering, wave soldering, drag 
soldering, etc. The Institute of Printed Circuits has adopted the criteria illustrated in F 


19.35 for printed board solderability acceptance. 


mel 


Fig. 19.34 Plated metal adhesion Sandia Laboratories). 


oth, bright, good 


Fig. 19.35 Solderability acceptance criteria (a) Preferred: good solderabil: 
ple at left surface. (c) 


‘etted copper; and good solder coverage. (b) Acceptable: some dewetting is vi 
Nonpreferred: surface shows severe dewetting and nonwetting (IPC). 


27. Alloy Composition Two popular alloys used in printed board manufacture are tin-lead 
and tin-nickel. The composition of the tin-nickel bath is usually 65 percent tin and 35 
Percent nickel. The composition of the deposit, during electroplating, remains nearly 
constant despite fluctuations in bath composition and operating conditions. However, the 
composition of the tin-lead deposits can vary with bath composition and operating 
conditions, and that will influence the melting temperature of the alloy and affect 
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solderability. Specifications usually require the tin content to be between 50 and 70 
percent. 

Methods available for analyzing the alloy composition on the plated printed board 
include wet analysis, atomic absorption, and beta backscatter. The beta backscatter 
method is relatively new and is gaining in popularity because of the ease in obtaining the 
alloy composition nondestructively, 


28. Thermal Stress, Solder Float Test Temperature-induced strain or straining force that is 
exerted upon the printed board and tends to stress or deform board shape can be a serious 
problem during the soldering operation. Thermal stress inspection is performed to predict 
the behavior of the printed boards after soldering. Plated-through-hole de; 
separation of platings or conductors, or laminate delamination is detectable by the thermal 
stress test. The test is usually performed by floating the printed board in a solder bath (tin 
between 58 and 68 percent) maintained at 550°F for 10 s. Visual inspection for defects is 
followed by cross-sectioning the plated-through holes and inspecting with magnification 
for integrity. Test patterns also are used for thermal stress inspection. (See Fig. 19.39 fora 
test pattern used in this and other connections.) 


29. Peel Strength Peel strength is a measure, in pounds per inch width, of the force 
required to separate a strip of conductive material from the adjacent base by a pull applied. 
to the edge of the conductive material. It is usually associated with the acceptance testing 
of copper-clad laminate material upon receipt, but it is sometimes utilized to test the 
adhesion of the conductors to the finished board. 

Peel strength tests of conductors are usually performed after the specimens have been 
dip- or low-soldered. Peel strength values in MIL-P-13949, after solder dip, also are used 
for printed board conductor peel strength tests. However, the values must be adjusted for 
the particular conductor width, because the peel strength values in MIL-P-13949 pertain 
to a 1,00-in (25.4-mm) conductor width. As an example: 


Conductor width 0.050 in (1.27 mm) 
Peel strength value in MIL-P-13949 
Conductor width in MIL-P-13949 


0.050 x 10.0 
1.00 


= 0.5 Ib 


A calculation with width in millimeters will, of course, yield the same results. 

Peel strength tests of conductors are a good method of assuring that the conductor-to- 
laminate adhesion is sufficient to withstand assembly soldering operations. Actual printed. 
boards or test patterns can be utilized for the test. Figure 19.36 is an example of a typical 
peel strength test pattern, 


30, Plated-through-hole Structure ‘The inspection of plated-through-hole structures, includ- 
ing the metallic barrel and terminal areas, involves chemically etching the glass and 
epoxy away ftom the plated-through hole. The hole structure is then examined for voids 
and structural integrity. See Fig. 19.37 for a typical plated-through-hole structure test 
coupon, 


31. Terminal Pull The terminal pull test is a test of the plating adhesion to the glass-epoxy 
ina hole. 

Poor adhesion in the holes can occur from the drilling or electroless copper deposition 
operations being out of control or from the use of undercured laminate material. Whatever 
the cause, poor plating adhesion in the hole affects functionality. 

Lack of plating adhesion to the glass-epoxy in the hole is detectable during microsec- 
tion analysis also. Whenever poor adhesion is detected during microsection analysis, & 
terminal pull test should be performed to substantiate the condition (see Fig. 19.38). 


32. Mechanical Inspection The mechanical board attributes subjected to nondestructive 
and destructive inspection are listed in Table 19.6. 


Acceptability of Fabricated Circuits 19-27 


TABLE 19.6 Mechanical Inspection Chart 


Subject Nondestructive Destructive 

Plating adhesion x x 
Solderability . 
Alloy composition x x 
Thermal stress (solder float 

test) x 
Peel strength, printed wiring 

conductor x 
Plated-through-hole structure x 
Terminal pull x 


ELECTRICAL INSPECTION 


Electrical inspection is performed to verify electrical circuit integrity after processing and 
also to substantiate that the electrical characteristics of the processed board meet design 
intent. 

Electrical inspection methods are both destructive and nondestructive. Nondestructive 
tests are usually performed on the actual printed boards. Destructive tests are performed 
on either printed circuit boards utilized for destructive acceptance testing or on test 
patterns fabricated outside the border of the board. 

‘Two popular nondestructive electrical tests are insulation resistance and continuity. 
‘They are usually performed on 100 percent of complex printed boards, especially multi- 
layer ones. Care should be taken to prevent arcing as the probes approach the printed 


Fig. 19.36 Peel strength test Fig. 19.37 Test coupon used Fig. 19.38 Typical terminal 
pattem (1PC). for plated-through-hole struc- pull test coupon (IPC), 
ture testing (IPC). 


circuit pattern when the insulation resistance test is performed. An easily activated switch 
in series with one of the probes allows the probes to make contact with the pattern prior to 
current flow. 


33. Continuity Continuity tests are performed basically on multilayer circuits to verify that 
the printed cireuit pattern is continuous. They can be performed with an inexpensive 
multimeter or with more elaborate equipment such as a constant-current power supply 
and a voltmeter if currents greater than 50 mA are required. 

In the printed circuits industry the continuity test is performed in one of two ways: 
‘as a go/no-go test to verify that the pattern is continuous or (2) to verify that the pattern is 
continuous as well as to verify the integrity of the measured pattern. The latter result is 
reported in electrical resistance values (ohms), The preferred method is to perform the 
continuity test on all printed boards submitted for acceptance. This is especially recom- 
mended for multilayer circuitry, the internal pattems and interconnections of which 
cannot be inspected visually after fabrication. 

‘Test coupons are sometimes used for the continuity test. See Fig. 19.39 for a pattem 
used on a typical coupon. 


84. Insulation Resistance The purpose of this test, as stated in MIL-STD-202, is to 
Measure the resistance offered by the insulating members of a printed board to an 
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impressed direct voltage that tends to produce a leakage of current through or on the 
surface of those members. Low insulation resistances can disturb the operation of cirenits, 
intended to be isolated, by permitting the flow of large leakage currents and the formation 
of feedback loops. The test also reveals the presence of contaminants from processing 
residues, 

In printed circuitry the test is performed either between conductors on the same layer 
or between two different layers. The test is also utilized before and after thermal shock 
and temperature cycling tests. Test voltages of 100 and 500 V de and minimum insulation 
resistances of 500 MQ. are popular. The insulation resistance test is performed on either 
the actual printed board or a test coupon fabricated on the same panel as the board (Fig, 
19,40), 

When special conditions such as isolation, low atmospheric pressure, humidity, and. 
immersion in water are required, they should be specified in the test method instructions. 


° ° 
° ° 00°00 
° ° 000 


Continuity, ther Fig. 19.40 Insulation resis- Fig. 19.41 ‘Typical current 
current-carrying tance, dielectric withstanding —_ breakdown test pattern (IPC), 
capacity, and moisture resis- voltage, and moisture resis- 
tance test pattern (IPC). tance test pattem (IPC). 


it Breakdown, Plated-through Holes The current breakdown test is used to deter 
ficient plating is present within the plated-through hole to withstand a rela~ 
tively high current potential. The time and current selected determine if this test is 
destructive or nondestructive. [PC test method TM-650-2.5.3 recommends a current of 10. 
A for 30 s. The test is performed as follows 
1. Place a load resistor, of predetermined value, across the negative and positive 
terminals of a current-regulated power supply. 
2. Adjust the supply for a current of 10 A or any other desired value. 
3. Remove one end of the resistor from the positive supply terminal. 
4, Connect the desired plated-through hole between the disconnected end of the 
resistor and the positive supply terminal. 
5. Perform the test for the desired time. 
The test is performed either on an actual printed board or on a test pattern (Fig. 19.41). 


36. Current-Carrying Capacity The current-carrying capacity test is performed to verify that 
the conductor will meet designed electrical functional requirements: It is performed by 
selecting a current from the current-carrying capacity chart, MIL-STD-275, for the cross- 
sectional area to be tested. The rest of the test is as follows: 

1. Select a load resistor of predetermined value such that, when positive and nega- 
tive terminals of a regulated power supply are shunted, the desired current will flow. 

2. Place the circuitry to be tested in series with the resistor. 

3. Connect a temperature-measuring device to the circuitry to be tested. 

4, Compare results with stated values in the current-carrying capacity chart. 

‘The current-carrying capacity test is nondestructive if the values in the MIL-STD-279 
current-carrying capacity chart are used. Higher currents can result in destructive testing. 
The test can be performed on either a functional printed board or on a test pattern (Fig. 
19.39). 


37. Dielectric Withstanding Voltage This test is used to verify that the component part cat 
operate safely at its rated voltage and withstand momentary overpotentials due to switch- 
ing, surges, and similar phenomena. It also serves to determine whether insulating 
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materials and spacings in the component part are adequate. It is thoroughly defined in 
1PC-ML-950, Multilayer PWB’s, and MIL-STD-202, Electronic Components Method 301. 

One of three different test voltages—300, 1000, and 5000 V—is usually specified. The 
test is performed on either an actual board or a test coupon. Voltage is applied between 
mutually insulated portions of the specimen or between insulated portions and ground. 
‘The voltage is increased at a uniform rate until the specified value is reached. The voltage 
is held for 60 s at the specified value and then reduced at a uniform rate, 

Visual examination of the part is performed during the test for evidence of flashover or 
breakdown between contacts. See Fig. 19.40 for a typical test pattern. The test can either 
be destructive or nondestructive depending on the degree of overpotential used. 


38. Electrical Inspection The electrical board attributes subjected to nondestructive and 
destructive inspection are listed in Table 19.7. 


TABLE 19.7 Electrical Inspection Chart 


Subject Nondestructive Destructive 


Continuity 

Insulation resistance 

Current breakdown, plated-through holes 
Current-carrying capacity 

Dielectric withstanding voltage 


ENVIRONMENTAL INSPECTION 


Environmental inspection consists of performing specific tests to ensure the printed board 
will function under the influence of climatic and/or mechanical forces to which it will be 
subjected during use. Environmental tests are performed on preproduction printed 
boards to verify design adequacy. Specific tests are sometimes specified as part of the 
printed board acceptance procedure to expose a prospective failure situation. Specific 
environmental tests, as part of the acceptance procedure, are prev- 
alent in high-reliability programs. 

Environmental tests are performed on either actual printed 
boards or coupon test patterns. This section briefly reviews some 
of the popular environmental tests. Specific details on performing 
the tests are referenced at the end of this chapter in the section 
titled Related Test Methods. 


39. Thermal Shock A thermal shock is induced on a printed board 

by exposure to severe, and rapid, differences in temperature. The Fig. 19.42 Typical 
thermal shock test is particularly efficient in identifying (1) printed thermal shock and 
board designs with areas of high mechanical stress and (2) the moisture resistance 
resistance of the printed board to exposure of high- and low- test pattem (IPC), 
temperature extremes. 

‘The test is usually performed by transferring the board from one temperature extreme 
{e.g., 1250°C) to the other (e.g., 0°C) rapidly, usually within 5 min. Thermal shock effects 
on the board include cracking of plating, in the holes, and delamination. See Fig. 19.42 for 
typical thermal shock test pattern, 


40. Moisture Resistance The moisture resistance test is an accelerated method of testing 
the printed board for deteriorative effects of high humidity and heat conditions typical of 
tropical environments. The test conditions are usually a relative humidty of 90 to 98 
Percent at a temperature of 25 to 65°C. After the required test cycles are completed, the 
board is subjected to electrical testing including current breakdown and interconnection 
resistance. Test specimens should exhibit no blistering, measling, warp, or delamination 
after the moisture resistance test. See Fig. 19.39, 19.40, or 19.42 for typical test pattems. 


41. Outgassing Outgassing is known to cause contamination of spacecraft equipment. A 
test method for outgassing has been designed to measure the weight loss, if any, through 
© degree of outgassing of low-molecular-weight materials such as trapped plating 
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solutions and uncured adhesive layers, The test is performed by weighing the board, 
placing the board in a temperature-vacuum system, and heating to 125°C ata vacuum of at 
least 1 x 10~ torr for 24 h. The board is then removed from the chamber and rewé 

and the weight loss is calculated. Board weight loss greater than 0.1 percent after 24 


exposure or an outgassing of products which condense on nearby s 


unsuitable for spacecraft application. Outgassing tests should be performed on specimens 


of actual printed board pattems. 


‘SUMMARY 


follow: 


expectancy of the board. 


2. Review the electrical and mechanical parameters as 
3. Consider the total assembly unit cost and the importance of the printed bo 


To select the printed board attributes to be inspected in an individual program, proceed as 


1. Review the environment in which the printed board will operate and the li 


before determining if a quality assurance program is economical. 


tion. Functionality should prevail 


4. Consider both See economics in quality assurance program selee- 
jowever. 
5. Design the quality assurance program for at least a 90 percent confidence level by 


using sampling plans when they are appropriate. 
6, Select for inspection the attributes which will satisfy requii 


requirements, 


PRINTED BOARDS 


ttributes 


Annular ring 

Base material edge roughness 

Blistering 

Chemical cleaning 

Conductor spacing 

Conductor width 

Crazing 

Current breakdown, plated-through 
hole 

Current-carrying capacity 

Dents 

Dielectric withstanding voltage 


Edge definition 

Etchback 

Eyelets 

Haloing 

Hole size 

Inclusions 

Insulation resistance 

Layer-to-layer registration, destructive 
Markings 

Measling 

Microsections, methods of preparing 
Moisture resistance 


Outgassing 

Overhang 

Pinholes 

Pits 

Plated-through-hole structure 


TEST SPECIFICATIONS AND METHODS RELATED TO 


Method 


ociated with functionality, 


ments 1 and 2. 
7. Select test methods which verify the printed board functionality and int 
Test methods may require modification or creation to satisfy the quality as: 


IPC-TM-650, 2.2.1 
IPC-TM-650, 2.1.5 
IPC-TM-650, 2.1.5 

IPC-TM-650, 2.2.5 & 2.1.1 
IPC-TM-650, 2.2.2 

IPC-TM-650, 2.2.2 
IPC-TM-650, 2.1.5 


IPC-TM-650, 2.5.3 
IPC-TM-650, 2.5.4 


IPC-TM-650, 2.5.7 
MIL-STD-202, 301 
IPC-TM-650, 2.2.3 
IPC-TM-650, 2.2.5 
IPC-TM-650, 2.1.5 

5 


M-650, 2.1.5 
IPC-TM-650, 2.5.9, 2.5.10, 2.5,11-MIL-STD-202,302 


IPC-TM-650, 2.2.11 
IPC-TM-650, 2. 
IPC-TM-650, 2.1.5 


IPC-TM-650, 2.6.3 
MIL-STD-202, 106C 
IPC-TM-650, 2.6.4 
IPC-TM-650, 2.2.9 
IPC-TM-650, 2.1.5 
IPC-TM-650, 2.1.5 
IPC-TM-650, 2. 


Acceptability of Fabricated Circuits 19-31 


Piating adhesion IPC-TM-650, 2.4.10 
Plating thickness, nondestructive 1PC-TM-650, 2.2.13.1 
ASTM-B-567-72 
Plating thickness, destructive IPC-TM-650, 2.2.13 
ASTM-A-219-58 
Scratches IPC-TM-650, 2.1.5 
Seiden IPC-TM-650, 2.4.12 and 2.4.14 
Surface roughns IPC-TM-650, 2.1.5 
Frerminal pull (bond strength) IPC-TM-650, 2.4.20 and 2.4.21 
Thermal shock IPC-TM-650, 2.6.7 
MIL-STD-202, 107C 
‘Thermal stress IPC-TM-650, 2.6.8 
Voids IPC-TM-650, 2.1.5 
Warp and twist IPC-TM-650, 2.4.92 


‘Weave exposure 


Weave texture 


IPC-TM-650, 2.1.5 
IPC-TM-650, 2.1.5 


GENERAL SPECIFICATIONS RELATED TO PRINTED 


BOARDS 


‘The following printed board specifications are some of those used throughout the indus- 
try. The specifications usually cover both processing and acceptance requirements. 


IPC-FC-240B 
1PC-FC-250 
TPC-D-300 
1PC-D-320 


1PC-TC-500 
IPC-TC-510 


TPC-TC-550 


IPC-A-600 
IPC-TM-650 
IPC-ML-910 


IPC-ML-950 
IPC-ML-990 


MIL-0-9858 
MIL-P-55110 
MIL-P.55640 


50884 
ML STD-105 
MIL-STD-202 
MIL-STD-275 
MIL-STD-429 
MIL-STD-810 
MIL-STD-1495, 


ASTM-B-567-72 
ASTM-A-219-58 


EIA-RS-319 
TEG No. 326 


NSA No. 68-8 
UL 796 


IPC Specifications 


Specifications for Flexible Printed Wiring 

Specifications for Double Sided Flexible Wiring with Interconnections 

Printed Circuit Board Dimensions and Tolerances 

Printed Wiring Board Rigid, Single and Two Sided End Product 
Specification 

Copper Plated Through Hole Two Sided Boards, Rigid 

Procedure for Installing and Inspecting Clinched Wire Type Interfacial 
Connections in Rigid Printed Circuit Boards 

Procedure for the Design, Assembly, and Testing of Fused-in-Place 
Interfacial Connections in Rigid Printed Circuit Boards 

Acceptability of Printed Wiring Boards 

‘Test Methods Manual 

Design and End Product Specification for Rigid Multilayer Printed 
Wiring Boards 

Performance Specifications for Multilayer Printed Wiring Boards 

Performance Specification for Flexible Multilayer 


Military Specifications 


Quality Assurance 

Printed Wiring 

Multilayer Printed Wiring 

Flexible Printed Wiring 

Sampling Procedure and Tables for Inspection by Attributes 
Test Methods for Electronic and Electrical Component parts 
Printed Wiring for Electronic Equipment 

Printed Circuit Terms and Definitions 

Environmental Test Methods 

Multilayer Printed Wiring Boards for Electronic Equipment 


Other Publications 


Measurement of Coating Thickness by the Beta Backscatter Principle 
Sane, ees of Test for Local Thickness of Electrodeposited 


Suet: of Printed Wiring Boards 

one Specification for Single and Double Sided Printed Wiring 
Boards 

Multilayer Printed Wiring 

Printed Wiring Boards 
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GENERAL CONSIDERATIONS 


Multilayer printed wiring emerged as a solution to the problem of interconnecting 
miniature electronic components into complex systems. The volume taken up by conven- 
tional wiring was disproportionately greater than the volume and weight of the compo. 
nents interconnected. Multilayer printed wiring made possible, by virtue of the multi- 
planar conductor structure, a reduction in weight and volume of the interconnections. 
commensurate with the size and weight of the components it interconnected. The exact 
amount of space and weight savings is determined by the particular packaging design, and 
several packaging designs are described in this chapter. 

‘The area of application which shows multilayer printed wiring to its greatest advant 
is the interconnection of integrated circuits. Integrated circuits can be interconnected 
other wiring techniques such as welded matrices, point-to-point wiring, or two-sided 
printed boards, but with these methods the packaging is done at the expense of intereon- 
nection density and with an increase in weight and volume, By a combination of 
integrated circuits and multilayers drastic reductions in the overall size and weight of a 
complete system can be achieved. 

Another distinct application of multilayer boards is to accommodate the problems of 
heat distribution and heat removal in systems utilizing integrated circuits. With multilay- 
ers, all interconnections can be placed on internal layers, and a heat sink of thick, solid 
copper or other material can be placed on the outer surfaces. Components can then be 
mounted directly on the metallic surfac: 

A third feature of multilayer printed wiring is the possibility of incorporating ground or 
shield planes. Solid copper planes, with clearance holes etched out in areas where no 
contact is desired, can be placed anywhere within the structure of the multilayer board. 
The planes either serve as electrical decoupling to minimize the noise interference or 
cross-talk between various critical cireuits or are used for shielding some circuits within 
the board, or the entire board, from any internal or external interference. A number of 
such planes can be incorporated within one board and also be used for power distribution. 
This unique feature of multilayer printed boards offers some interesting possibilities, and 
in many cases it provides the only solution to some interconnection problems. The ground. 
plane feature of multilayer boards can be very important in high-frequency circuitry. 

The expected growth of multilayer printed wiring has been realized, and it continues to. 
expand with the advent of more sophisticated semiconductor devices (LST) to the extent 
that system design engineers should become thoroughly familiar with its potentials and 
limitations. The new generation of electronic systems requires ever-increasing com 
ity and density of interconnections, and the definite trend toward higher operating. 
frequencies demands extremely careful design of even a single conductor. The width, 
length, location, and relations of conductors, the spacing, the dielectric material, etc., ate 
interrelated, and in many cases they exert critical influence on signal propagation, noise 
ratio, shape of the pulses, and other electrical parameters of the system. Therefore, the 
involvement of system design engineers as well as electrical design engineers in 
tronic packaging has become much more intensive. 


1. The Need for Multilayers The conditions which will necessitate the use of multilayer 
printed wiring generally are the following: 

1. When weight and volume savings in interconnections are of paramount impor 
tance, as in military, airborne, and missile and space applications or when ini 
circuits are utilized. 
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2. When the complexity of interconnection in subsystems will require very compli- 
cated and costly wiring or harnessing. pike: z 

3. When coupling or shielding of a large percent of interconnections is required. 

4. When frequency requirements call for careful control and uniformity of conductor 
impedances with minimal distortion in signal propagation and when uniformity of those 

istics from board to board is of high importance. 

5. When the spacing of terminal points does not allow a sufficient density of intercon- 

nevtion on two-sided circuit boards. 


2, Advantages and Disadvantages In order to make an assessment as to whether to use 
multilayer boards, a comparison should be made of the different printed wiring forms that 
could be used in the end product equipment. A determination should be made as to how 
many double-sided boards of various sizes would be required to mount and interconnect 
all of the circuitry associated with a given equipment. A similar determination should be 
made of multilayer boards. The costs of the candidate technologies can be obtained and a 
cost-effective decision made. The comparative costs are often not limited to dollars and 
cents; they can include the cost to the user in volume required, amount of back-panel 
interconnection wiring, design-through-production time cycle, logistics support, etc. An 
equivalent analysis can be performed only after appropriate weighting factors for the 
intended application have been applied. 

‘There are several factors which can be noted as favoring multilayer circuitry as com- 

d with wiring utilizing conventional round hook-up cable with conductors individ- 
ually insulated. One of the most obvious advantages is that, in practically all multilayer 
circuits up to about five layers, depending upon the thickness of the dielectric layers 
utilized between conductor layers, the presence of breaks, lesions, etc., in circuitry can 
generally be examined because of the translucent nature of the film or glass-reinforced 
materials. Another obvious advantage is in the tools of miniaturization which the multi- 
layer circuits offer. In many cases lightweight adhesives can replace the heavy hardware 
and awkward nuts, bolts, clamps, and brackets used as fastening devices in conventional 
hamess. An etched T splice is obviously a fraction of the cost and weight of such a junction 
in regular wiring. 

The ability of the multilayer circuit to incorporate ground planes which can be (1) 
etched according to a predetermined pattern, (2) may consist of a wire mesh screen, (3) 
can be fabricated from a solid layer of foil, or (4) can even be grounded, by means of a tap 
off connection to supporting metal frames or cases, permits the ready utilization of 
structural hardware for shielding purposes. 

A further advantage of incorporating the ground plane into the three-dimensional 
circuit lies in high-speed applications, in which that capability makes possible the 
production of much lower cost constant-impedance conductors for strip-line application. 
The ability to combine multiplicity of circuits into a small capsule obviously reduces the 
chance for errors and the cost for testing of back panel wiring. To sum up the potential 
advantages and disadvantages of multilayer wiring, the following factors usually apply: 


Advantages 

1, Controlled assembly process through 
mechanization. 

2. Space saving through use of thin films 
and high terminal density. 

3. Wiring errors eliminated. 

4. Uniform electrical impedance and 
coupling (especially with strip-line). 

5. Possible cost savings with high quantity 
and proper tooling. 

_6, Assembly time reduction—by 

‘Simplification. 

7. Capable of high inherent reliability 
(dependent upon process control and type of 
interconnection). 


8. Can combine structural and electrical 
functions. 


Disadvantages 


1. Realistic simulation during breadboard 
testing is difficult or requires sophisticated 
computer programs. 


2. Repair requires complicated special tools 
and skill. 


3. High cost of small quantities. 
4. Extended design time. 
5. Long lead time for fabrication. 
6. Thermal sensitivity (warp). 
7. Inspection of end product is difficult and 
usually requires microsectioning. 
8. Changes in completed board are difficult 
and costly. 


et 
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3. Packaging Density Multilayer boards are often used with integrated circuits when the 
component densities possible with double-sided boards must be exceeded. For instance, 
on two-sided boards (all of the interconnections of which must be distributed on two. 
surfaces) a usual maximum is 2.0 TO cans per square inch. With multilayer boards th 
packaging density can be increased to over 3.0 if secondary board space allocations are 
taken into account. A similar condition exists for flat packs. Two-sided boards car 
interconnect a maximum of approximately 2.5 flat packs per square inch; multilayer 
boards are capable of interconnecting over 4.0, assuming a minimum of four layers, At 
least two of the four are for interconnection wiring and separate layers for ground 
voltage distribution. In some designs it is possible to place flat packs on both sides of a 
multilayer board and thus double the component density without appreciably increasing 
the volume of interconnections. 

Dual in-line integrated circuit package (DIP) densities per square inch of ove: 
multilayer board surface are on the average up to 2.0, which is twice that no 
achieved with two-sided boards. 


4. Relative Costs In the design of any product an item of concern, after the technic 
problems have been resolved, is the cost. More often than not potential cost factors he 
changed the course of a particular project, equipment, or product. Since initial costing 
usually estimated, it is important that all factors be considered in proper perspective 
order to avoid canceling an approach that in total would have been the most cost-el 

Some of the key elements of multilayer board costs are (1) board layout, (2) choice of 
specification, (3) selection of a base and B-stage material, (4) selection of copper weigh 
(5) choice of multilayer board thickness and overall size, (6) choice of terminal area pad 
size and hole sizes, and (7) provision for maintainability, testing, and repair. 

Figure 20.1 identifies most of the cost factors that should be considered when M1 
costs are estimated and indicates how the costs influence final pricing. The base co 
used in the figure are for a three-layer board having an area of 24 in* and 25 plated-thro 
holes of 0.050-in diameter. Adding layers, increasing the number of holes, it r 
board area, and/or changing hole size increase costs by certain approximate percents. 
costs used in the charts for quantities of 500 multilayer boards are $10.00 each for a Ya-in- 
thick board, $10.50 each for a the-in-thick board, $11.00 for a 2-in-thick board, and $12.51 
for a %-in-thick board. Percent changes from those base costs are estimated by drawing t 
horizontal line from each factor to the percent line. The percentage total can then be 
applied to the appropriate base cost. If hole size is other than 0.050 in, an addition 
percent correction is involved. It must be emphasized that the costs are only a guide to the 
variables in pricing. Other factors can easily raise or lower the estimates, and the b 
costs are continually subject to change. Each board fabricator should develop his 0 
version of these charts. 


TECHNOLOGY DESCRIPTION 


The processes for fabricating multilayer boards are basically extensions of the methods” 
used for double-sided boards; therefore, they will be described in less detail. As identi-_ 
fied by the board fabrication process, multilayer printed boards can be broken down 
two basic types: laminated and built-up multilayer printed boards. Other than the diff 
ence between the laminated approach and the screened or deposited insulation used i 
the built-up approach, the various methods differ only in the way in which interlayer 
connections are made. As in single-side printed-wiring technology, there are countless” 
variations of the basic multilayer processes. Only the methods identified with significant 
process departures will be discussed here. Multilayer concepts classified as lami 
printed boards are the clearance-hole process and the plated-hole process. 

Multilayer circuits normally consist of two or more layers of separate and different 
circuit patterns which have been laminated together under heat and pressure to produce 


strong unit. Figure 20.2 illustrates the lay-up details of two multilayer boards, on€ — 


composed of single-sided boards (a) and the other of double-sided boards (b). 
Frequently there will be a conformal coating on both sides of the multilayer circuit 
though it is not always essential. A multilayer circuit will consist of layers of circuitty 
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separated by an insulating dielectric and usually interconnected between layers by one of 
several methods which will be dealt with later. The multilayer circuit may also incorpo- 
rate certain shielding and ground plane layers as well as discrete circuit patterns. As 
compared with a conventional hamess, the multilayer bus bar distribution cable offers 
predetermined and accurately reproducible layer-to-layer capacitance. 


ADD THESE PERCENTAGES WHEN HOLES ARE 
OTHER THAN 0.050-IN DIAMETER EACH 


120-7 120: ENT HOLE SIZE ADDS ADDITIONAL 
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Fig. 20.1 Cost comparisons. 
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Fig. 20.2 Lay-up details. (a) Four-layer board. (b) Eightlayer board, 
_ In general the process steps in producing multilayer boards follow in the sequence 
listed here: 


@, Artwork 
1. Check registration of layers and inner layers. 
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2. Photosensitize layer (or screen-on resist if tolerances permit, in which case sl 
steps 3 and 4). 

3. Expose photosensitized layer. 

4. Develop exposed layer. 

5. Etch and remove resist. 


b, Multilayer 
6. Laminate layers 
5 Perform lay-up (stack up layers with a sheet of B-stage material between 
layers). 
b. Perform lamination (under heat and pressure to cure B-stage material and 
form a monolithic multilayer structure). 
7, Drill and clean holes. 
8. Deposit copper to plate through holes. 
9, Photosensitize outer surfaces of multilayer board (or screen-on resist if tolerances 
permit, in which case, skip steps 10 and 11). 
). Expose photosensitized surfaces. 
. Develop exposed surfaces. 
Plate copper to required thickness on pads and holes. 
. Plate tin-lead or noble metal as a resist. 
. Strip resist and etch. 


5. Multilayer Types Multilayer printed boards using plated-through holes can be divided 
into several types: 


a, Internally Connected 

1. Boards containing inner layers each composed of a single sheet of copper. The 
layers are commonly called planes, and they may be either ground or voltage planes. 
Clearance holes are employed to eliminate unwanted connections at the plated-through 
holes. Multilayer boards containing voltage and ground planes are particularly useful for 
mounting integrated circuits where those planes provide the power connections. Ground 
and voltage planes of identical configuration can often be employed in several boards 
having different external circuitry pattemed to suit the operational requirement of the 
module. The use of the same plane in several different boards will, of course, result in 
economies. 

2. Boards containing inner layers composed of circuit patterns with numerous con- 
ductors. Boards of this type are particularly advantageous for highly complicated circuits 
in which space limitations are an important consideration. Another frequent application of 
this type of board is as a mother board for connecting other modules together. In that 
application the multilayer board serves as a very efficient cable. It is light in weight, and it 
occupies little space while providing mechanical support for the modules. 

3. Boards containing both circuit patterns and planes as inner layers. Such boards, of 
course, provide the basic advantages of both types. They are being found increasingly 
useful in high-density packaging that employs numerous integrated circuits. 

b, Externally Connected. In addition to the basic purpose of a multilayer printed 
board—that of being an electronic interconnecting device—other interesting and useful 
characteristics of multilayer construction are available to the designer. Since inner layers 
of the plane type have considerable surface area and planes may be spaced close together 
in the multilayer laminate, a relatively large electrical capacitance value exists between 
the plane surfaces. The capacitance value can be utilized, or used in conjunction with the 
distributed inductance in the multilayer, to obtain a certain fixed impedance value. An 
increasingly common component produced by printed board multilayer techniques. 
although considerably simpler in design, is the bus bar. This device makes use of many 
features of multilayer construction in the distribution of relatively large amounts of power- 

Another method of connecting the layers in a multilayer board is sometimes used. It 
does not employ plated-through holes, and no connections between conductors within 
the laminate are made. Instead, all conductor terminations are brought to the exterior of 
the board and all connections are made externally by some suitable method such as wire 
wrap. This particular type of board finds its most prevalent and useful application as @ 
mother board. 
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6. Plated-Through Holes The plating method of making interconnections through holes in 
the dielectric substrate of printed circuits has been well established and proved out in 
‘wo-sided circuit boards, and the use of the technique on circuit boards of more than two 
Jayers is an extension of the art (Fig. 20.3). This would appear to be the most widely 
accepted technique, and in practice it must account for 80 to 90 percent of the multilayer 
circuitry used in the United States. 
The cross-sectional sketch of a typical multilayer circuit shows surface conductors or 
is on both sides of the sandwich, encapsulated circuits and lands, and through- 
tonnection holes with electroplated sides which provide for interlayer connection. 
a, Advantages. The principal advantages of the plated-through-hole method include 
greater miniaturization than is obtainable by other methods, lower tooling cost for 


Fig. 20.3 Cutaway view of typical plated-through-hole construction. 


production quantities, easier layout and an equal amount of circuitry for each layer, and 
design flexibility resulting from the approach which could utilize standardized grid 
centers. 

The plated-through interconnection technique has probably enjoyed the greatest 
acceptance to date, since most of the very miniaturized multilayer circuits benefit from its 
compactness and its ability to take from three up to ten layers of interconnection without 
affecting the space requirements adversely. 

b. Disadvantages. The user must carefully evaluate potential sources for demonstrated 
background capability in making through-hole connections on a production basis. 
Through-hole plating is one of the finer arts of printed circuit manufacture; and since it 
tequires considerable technology, experience, statistical quality analysis, and destructive 
testing on almost a production line basis, the capability of producing reliable plated- 
through holes is difficult to attain. If there are disadvantages to the plated-through-hole 
technique, they might be listed as a considerably lower production yield than by tech- 
niques utilizing mechanical means, slower production, and less repairability and 
reusability. 


7. Clearance Holes The clearance-hole technique for interconnection is probably the 
Simplest type to manufacture, and, where space permits, it will probably enjoy economies 
over other methods (Fig. 20.4). Basically, the clearance-hole technique provides, in 
graduated diameters, a number of holes adjoined by copper pads or blivets and arranged 
in registration with each other between the layers of the metallic circuit patterns which 
are to be interconnected. The clearance holes must be cut or perforated into the layers of 


3] 
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circuitry prior to lamination, and the actual connection is made after lamination of the 
circuitry by spot-soldering or dip-soldering the multilayer board. The solder will bridge 
across the desired areas and make a connection from pad to pad through the clearance 
holes, which get progressively smaller with each layer so that there is copper on the 
desired layers to which the solder can attach itself. 


a, Advantages. Among the advantages of the clearance-hole technique is relative sim. 


plicity, which can naturally be assumed to provide for a higher production yield and less 


Fig. 20.4 Cutaway view of typical clearance-hole construction. 


fallout. Another advantage is that, in most cases on a per square inch basis, a multilayer 
circuit will have a cost advantage over produced by using the other techniques to 
be described. 

It can be assumed in most cases that the clearance-hole technique will provide a more” 
reliable through connection than several of the other techniques, since the com IS 
lend themselves to ready examination for soundness under visual or moderate magnifica-_ 
tion check. It is probable that three-dimensional circuits utilizing clearance-hole intercon 
nection techniques also permit more repairs and more reusability in removal or inter 
change of components which may be mounted thereon. 

‘The clearance-hole technique also has advantages for short-run production in that 
cost of the circuit and tolling necessary to make small quantities will frequently be less 
than with the other techniques, whereby more setup is required. 

b. Disadvantages. The major disadvantages of the clearance-hole technique are inher 
ent in the construction and are principally related to the fact that, because of the necessity 
for larger clearances on succeeding layers of circuitry, some of the potential miniaturiza- 
tion characteristics must be sacrificed. It is recommended that there be a full pad of 
copper around the through connection with a minimum of 0.020 in clearance at all stages. 
of layers. Thus, with a hypothetical feed-through hole diameter of 0.040 in, the second 
insulating layer would have to have a hole clearance of 0.080 in, the third insulating layer _ 
would have to have a clearance hole of 0.120 in, and the insulating layer over the 
layer of circuitry would have to have a clearance hole of 0.160 in, etc. Some of this 
disadvantage, as it may relate to the more compact plated-through-hole interconnection 
technique, may be offset by the fact that it is practical to start with the initial circuit layer 
having a feed-through hole of 0.020 in (desirable for mounting many transistors 
and go through successive layers in 0.020 in clearance per side increments or 0.040 it 
overall additions per layer. It would then be possible to build up a fourth conductor 
layered circuit with the maximum diameter being 0.140 in and a three-layered cireuit 


the maximum clearance hole diameter of 0.100 in. 
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It is obviously not practical to set up standards for center-to-center minimums by using 
the clearance-hole interconnecting technique until such time as the number of layers can 
pe determined. The center-to-center distances could, however, be assumed to grow on 
modular grids in increments of 0.050 in, which allows for the 0.020-in clearance on all 
sides plus an additional 0.010 in for tolerance. 


g. Comparison of Plated-Through Hole and Clearance Hole Several factors determine the 
choice of clearance-hole or plated-through-hole boards. Some specific advantages and 
limitations of each type of laminate relative to each other, as well as some design criteria, 
are given in Tables 20.1 and 20.2. Under laboratory conditions, some of these values may 
pe exceeded or improved. For example, special six-layer clearance-hole boards have been 


TABLE 20.1 Relative Advantages and Limitations of Clearance Hole and Plated-Through 
Boards 


7 Clearance hole __ Plated-through 
Advantages Limitations Advantages Limitations 
1. Lower tooling cost 1, Higher tooling 1. Lower tooling 1. Tooling higher on 
for prototype or short cost for large run, costs on long-run prototype or short-run 
run. production, production. 
2. Minimum pin 2. Minimum pin 
spacing 0.100 in, spacing to 0.050 in, 


2. Modules may be 2. More difficult to 
soldered and unsolder modules for 
unsoldered more times, repair or replacement, 

3. Increasing num- | 3, Greater number 
ber of clearance holes | of layers possible, 
limits number of 
laye: 

3, Reliability higher 4. No layer-todayer | 4. Provides inter- 3. Probably somewhat 
due to soldering direct communication except | layer communication, — lower reliability. 
tw pad rather than plate at edges. 
through hole. 

4. Faster production. 


4, Slower production. 
5. Decreasing space | __ 5. Equal space for 

for circuits on succeed-| circuitry on each layer. 

ing layers because of 

clearance holes. 


5. More produetion 5. Lower production 
eld. 


yie yield rate. 
6. Cannot be pro- 6. Can be produced 
duced with edge-board | with edge-board con- 
connector tabs for nector tabs. 
external 


interconnection. 


TABLE 20.2 Relative Features of Multilayer Printed Wiring Interconnection Processes 


Factor Clearance hole Plated-through 

Number of layers 2to7 2 

Minimum distance between pad 0.100 in 0.050 in 

centers 

Minimum conductor width 0.010 in 0.005 in (0.010 in 
if on exposed 

tin: outside layer) 

Mitaum conductor spacing 0.010 in 0.004 in (internal) 

Minimum pad diameter 0.062 in (with 0.055-in 0.030 in 

a clearance hole) 

Miniznum insulation per layer 0.004 in 0,004 in 

Maximum copper conductor 5 oz. (0.0068 in) 5 o7 (0.0068 in) 

ickness 
Means of extemal interconnection All except edge-board All 


connector 
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produced with a pad diameter of 0.060 in and a pin spacing of 0.075 in. It is possible to. 


achieve plated-through laminates with pin spacings as low as 0.050 in, but once again 
there are many process controls. 


9. Drilling One of the most important operations in producing a multilayer printed boar: 
is drilling holes which will, in a following operation, be plated through. Drilling jg 
important, since the condition and smoothness of the hole wall and the cleanliness ¢ 
annular rings of copper connected to inner conductors will determine the quality and 
reliability of the multilayer. The selection of the correct drill, drill speed, and feed 


controls the quality of the drilled hole. The designer of a multilayer board should try to. 


limit the number of different drill sizes required in any one setup. 


SPECIFICATIONS AND STANDARDS 


Although some single- and double-sided board specifications and standards (Chap, 
apply to multilayer boards, there are several which apply primarily to multilayer print 
wiring. The most commonly used are covered briefly in the following paragraphs, 


10. Institute of Printed Circuits Specifications bs 

a, IPC-ML-910: Design and End Product Specification for Rigid Multilayer Boards, 
specification covers design and end product requirements for rigid multilayered printed 
boards consisting of several layers of conductor pattems on insulating bases separat 
from each other by an insulating material (generally similar to the base material) 
interconnected by a continuous metallic interlayer connection. 

b, 1PC-ML-950: Performance Specification for Multilayer Printed Wiring Boards, This 
ment contains recommendations for the requirements and test methods for judging 
performance and characteristics of multilayer printed boards, irrespective of th 
of manufacture, when the boards are used for the mounting of components. 

¢, IPC-ML-975: End Product Documentation Specification for Multilayer Printed Wi 
Boards. This specification covers end product documentation requirements for mi 
layer printed boards consisting of several layers of conductor patterns on insulating b 
separated from each other by insulating material (generally similar to the base materi 
and interconnected by a continuous metallic interlayer connection. 


11. Department of Defense Specifications 

a, MIL-STD-1495: Multilayer Printed Wiring Boards for Electronic Equipment. ‘This stand 
establishes design requirements governing rigid multilayer printed boards consisting 
three or more conductor patterns on insulating bases separated by an insulating material 
and interconnected by a continuous metallic interlayer connection (plated-through hole’ 
and design considerations for the mounting of parts and assemblies thereon. The gn 
criteria (such as electrical spacings) contained in this standard are predicated on the 
requirement that end item assemblies (circuit cards) shall be conformally coated. 

}, MIL-P-55617; Plastic Sheet, Thin Laminate, Metal Clad, for Printed Wiring, Primarily 
Multilayer. This specification covers the requirements for fully cured, metal-clad, th 
laminated plastic sheets to be used primarily for the fabrication of multilayered and tl 
printed wiring for electrical and electronic circuits. The specification applies to sh 
when the base laminate does not exceed 0.031 in in nominal thickness. 

c, MIL-G-55636: Glass Cloth, Resin Preimpregnated, B-Stage, for Multilayer Printed V 
Boards. This specification covers semicured (B-stage), resin preimpregnated, glass cl 
(prepreg), intended for bonding together the individual layers of multilayer pt 
boards. 

d, MIL-P-55640: Printed Wiring Boards, Multilayer, Plated-Through Hole. ‘This specification 
covers rigid plated-through hole multilayer printed boards consisting of three or mo 
conductor patterns on insulating bases separated one from the other by an inst 
material and interconnected by a continuous metallic interlayer connection. 


GENERAL DESIGN CONSIDERATIONS 


When the printed wiring assemblies for an electronic equipment are being developed. i! 
should be remembered that there is an optimal limit to the size and cost of any d : 


unit or functional subassembly. It will be uneconomical or inefficient to increase size OF 


complexity beyond that limit, because the unit then becomes too specialized and there 
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fore not easily interchangeable or too costly to be thrown away. Investigations into various 
roaches to achieve a desired component density indicate that multilayer concepts lend 
themselves to a great many packaging requirements. 5 : 
‘The following is a list of the factors that should be taken into account in any multilayer 
board design. 
e, Design 
. Board size (maximum and minimum) 
Number of layers 
}. Hole sizes 
. Composite thickness 
a. Thickness of internal layers 
Conductor widths (internal and exposed layers) 
Terminal area (internal and exposed layers) 
Spacings 
a, Center-to-center mounting holes 
b, Terminal area to terminal area 
Terminal area to conductor 
|. Conductor to conductor 
Terminal area to board edge 
Conductor to board edge 
g. Conductor to mounting hole 
8. Size of grid 
9. Tolerances (design)—both vertical and horizontal 
10. Plating (type and thickness) 
11. Drawing requirements 
12. Terms and definitions 


Rope 


Hog 


SPAS 


b. Performance and Properties 

. Tensile strength 

. Flexure strength 

. Vibration 

. Mechanical shock 

Temperature cycling 

Thermal shock 

. Moisture resistance 

. Fungus resistance 

|. Salt spray (corrosion resistance) 

|. Warp or twist 

11. Solderability and resolderability 
12. Insulation resistance (bulk and surface) 
13. Dielectric withstanding voltage 

14. Machinability 

15. High- and low-temperature storage 
16. Conductor temperature rise 

. Interlayer connection resistance (AR) 
18. Conductor resistance 

19. Composite texture 

20. Flame resistance 

21. High altitude 

22. Continuity 


Somnoupor 


12. Initial Design Development The major factor in poor manufacturing yields of printed 
ards is the attempt to produce boards that realistically cannot be made to meet their 
Tequirements. That situation arises from one or more of the following conditions. 
_1. The design of the board does not take into account sufficient manufacturing 
Variation. 
2. The manufacturing equipment does not produce the required tolerances. 
3. Either the process is not under rigid control or manufacturing personnel are not 
following the prescribed processing standards. 
Multilayer boards with hole centers spaced 0.100 in or greater have sufficient room for 
at least one conductor between the terminals, and that makes possible the placement of 


20-14 Multilayer Circuitry 


0.020-in conductors on 0.020-in spacing and allows registration and hole location toler. 
ances of at least +0.005 in, all of which are within normal printed circuit manufacturing 
practice. Production of such boards does not present any great difficulty; and the boards 
can be produced with adequate yields, which tends to lower the cost. In order to 
manufacture boards with hole spacings of less than 0.100 in successfully, all parameters 
and tolerances must be decreased. In the case of hole spacing on 0.050-in centers, 
must be halved. When the design requires 0.010-in-wide conductors and spacing, +0.001- 
in tolerance on layer thickness, or +0.002-in tolerance on hole location and layer registra: 
tion, the price goes up. 


13. Overall Design-Production Cycle An important aspect of system production with which 
the system design engineer must be acquainted is the lead time required for the first 
completed system to be developed, manufactured, and tested. It is a very frequent 
occurrence that the length of this period is underestimated. 

The usual sequence starts after the basic logic design has been made and the sul 
sion of the system into discrete units has been completed. At that point the mechanical 
drawing for each board, or, if all the boards have an identical layout, the master drawing, ig 
prepared, The logic diagram and mechanical drawing for each board must have the same _ 
coding of modules to facilitate circuit layout and assembly after manufacture of the boards, 
From the mechanical drawing, a master artwork template on an enlarged scale whiel 
contains all the terminal points of the board may be made. Copies of the enlarged mast 
can then be used to generate the circuit layout. In an automated system the standard 
pattern or characteristics would be coded and stored in the computer, In a manual des 
system a rough feasibility layout can be made by using single-line conductors. The la 
does not require that the conductors be laid out very accurately; it simply guides futur 
artwork preparation by showing which terminal areas are connected together. At thi 
stage, very close engineering supervision and liaison may be necessary to ensure as 
as possible that interconnections will exhibit the required electrical characteristies, 
interference is minimized, and that all critical circuits are isolated. After succe: 
translation of all the required interconnections to the circuit layout, a careful double check 
should be made. Automated systems use similar techniques, except that the proper 
wiring-rule checks are usually built into the computer programs. 

Depending upon the size and complexity of the multilayer boards, the circuit layo 
period will take anywhere from one to four weeks per board type including checking. The 
time required to produce the accurate enlarged master from the mechanical drawing 
usually about 2 weeks. In an automated system a comparable time might be 2 days on the 
computer-interactive graphic display, and then 6 h on a numerically controlled plotter. 

The need for the highest-quality artwork for multilayer boards cannot be emphasized _ 
too strongly. The difficulty of producing multilayer boards with all the necessary process 
ing tolerances does not permit the complication of artwork tolerances adding to th 
problem, 

Some multilayer board manufacturers build products such that a mislocation of a 
terminal area anywhere on the board on the 1:1 glass by more than 0.002 in is cause for 
rejection of the glass. That is an example of the demands placed on preparation of y 
for multilayer boards. 

The manufacturing cycle for the boards themselves is usually 3 to 5 weeks. Thus the” 
total elapsed time from the moment when the electrical and mechanical design of @ 
system has been firmed until the last board of a given system is ready for assembly is 
minimum of 4 weeks and can be as long as 2 months. Changes in logic design which must 
be incorporated during the design and prototype manufacturing stage certainly do not 
contribute to any schedule improvements and should be minimized. 

Another problem with multilayer systems is that there is no assurance that the system 
will operate as specified until the first complete unit is assembled and tested. The 
wired breadboards do not exactly reproduce the conditions of the completed system, since 
the parameters of conductors in multilayer boards are quite different from those of wires 
on breadboards and the electrical characteristics in the actual boards might change 
accordingly. Complete simulation systems that make the probability of success on the first 
attempt somewhat better have been developed in the last few years. 


14, Tolerance Analysis The calculation of the parameters associated with the sum of 
various tolerances is required to ensure that the multilayer board will “go together,” i€+ 
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perform a tolerance analysis. Two methods of tolerance analysis are in popular use; they 
are worst case and statistical. In worst case analysis, the various tolerances are simply 
assumed to take on the maximum values consistent with obtaining the most mismatch. For 
example, let us consider a component lead which is required to fit in a drilled hole. Both 
items have plus and minus tolerances on the nominal dimensions. In worst case analysis it 
js required that the maximum allowed lead diameter fit into the smallest hole. If the lead 
and hole are designed accordingly, the design is 100 percent safe. However, in the event 
of encountering the minimum lead-maximum hole situation, there might be an exceed- 
ingly loose fit. 

In statistical analysis the assumption is made that the tolerances of any particular 

eter are normally distributed about the specified values. Then the total tolerance 

variation is the root mean square sum of the individual tolerances. 

Figure 20.5 and its associated table, Table 20.3, show the fundamental characteristics of 
multilayer boards and typical values for basic board features. 


H 


Fig. 20.5 Fundamental characteristics of multilayer boards. 
Dimensions and Tolerances for Multilayer Printed Wiring 


Symbol, Characteristic I ae i 


Conductor thickness* and tolerance IPC-CF-150 IPC-CF-150 
Conductor width 0.020 min. 5 0.005 min. 
Conductor width tolerance — 

Coplanar conductor spacing 0.015 min. I " 0.005 min. 
Conductor-to-hole spacing 0.010 min. « in, 0,010 min. 
Layer-to-layer spacing 0.004 min, . in. 0,002 min. 
Internal layer annular ring 0.001 min. i in. 0.001 min. 
External layer annular ring 0.002 min. 0.002 min. 0.002 min. 
Internal layer terminal area Hom = Bus (—) + 2F + K + Lax + N + 2Rmax 
Extemal layer terminal area Jssia = Bry (—) + 2G + K + Lax + N + 2Rerax 
Hole location tolerance* 0.014 diam. 0.010 diam. 0.006 diam, 
Unplated hole diameter tolerance* —_ —— — 
Plated hole diameter, min. 0.014 diam. TP 0.012 diam. TP 0.010 diam, TP 
Plated hole diameter tolerance® — — —_— 
Layer registration — — a 
Board thickness tolerance* 


REFERENCE: IPC-ML-910 

“All dimensions and tolerances are in inches unless otherwise specified. 
“See IPC-ML-910, paragraph 3.1.2.3. 

“For board dimensions up to 6 in, 

“See IPC-ML-910, paragmph 3.1.5.2. 

{L tol plus 2 times minimum hole plating. 

For distances within a 6-in square. 

*£10% of Poon and 0.007 min, 
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For military applications the data in Table 20.4, from MIL-STD-1495, serve as a guide 
to the tolerances and allowances used in the design process. Because of tolerance 
buildup, the trade-offs involved in arriving at the permissible limits for each p ul 

tolerance for a particular design should be recognized. The data in Table 20.4 are 
intended to show the increasing difficulty of producing boards with tighter tolerances, but 


TABLE 20.3 Dimensions and Tolerances for Multilayer Printed Wiring 
(Reference IPC-ML-910) 


Symbol Characteristic Classt_ Class 11 


Conductor thickness and tolerance IPC-CF-150 IPC-CF-150_IPC-CF-159 
Conductor width 0,020 min 0.101 min 0.005 min. 
Conductor width tolerance (See IPC-ML-910, paragraph 3.1.2.3) 
Coplanar conductor spacing 0.015 min 0.010 min 0.005 min 
Conduetor-to-hole spacing 0.010 min 
Layer-te-layer spacing 0.004 min 
Tnternal layer annular ring 
External layer annular ring 
Internal layer terminal area Ra 
Extemal layer terminal area Join = Bua) + 2G-+ K+ Lax + N +2 Rina 
Hole location tolerance 0.014 diam 0.010 diam 0.006 diam 
(For board dimensions up to 6 in) 

Unplated hole diameter tolerance (See IPC-ML-910, paragraph 3.1.5.2) 
Manin Plated hole diameter, minimum Pron Ms Proax Yb Proax 

‘ Plated hole diameter tolerance (Lax + 2X minimum hole plating) 
Prot Board thickness tolerance (£ 10% of Prom and +0.007 min) 


NOTE: All dimensions and tolerances are in inches unless otherwise specified. 


e 
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TABLE 20.4 Composite Board Design Guidance! 


Preferred 


Number of conductor layers (maximum)? 
‘Thickness of total board (maximum), in 
‘Thickness of dielectric (minimum), in 
Minimum conductor width (or figure 2 value# 
whichever is greater), in Internal 
Extemal 
‘Terminal area diameter tolerance and conductor 
width tolerance (add to the end item 
requirements), in Intemal 
Extemal 
Minimum conductor and terminal area spacing 
(or table I value; whichever is greater), in 
Conductor sj ig tolerance (add to end item 
requirements), in Intemal 
Extemal 
Feature location tolerance (master pattern, 
material movement, and registration), rtp—in 
Longest board dimension, 12 in or less 
Longest board dimension, over 12 in 
Master pattern accuracy, rtp—in For the layer 
For all layers 
Board thickness-to-hole diameter (maximum) 
Hole location tolerance, rtp—in 
Drilled hole tolerance bilateral, minimum, in 
Minimum hole diameter Up to 0.032 
0.033 to 0.063 
0.064 to 0.188 


6 
0.100 
0,008, 


0.015 


‘For 2 oz/ft* copper. 


“The number of conductor layers should be the optimum for the required board function and good 


producibility. 


*“Figure 2” and “table 1” referred to are in MIL-STD-1495. 
‘For intemal layers only.rtp = radius of true position. 
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they do not express the limits attainable or permissible for any single aspect of board 
design. That is, the data should not be interpreted as end item board requirements. 


MECHANICAL DESIGN FEATURES 


45. Thickness and Size A multilayer board should be no thicker than 3 times the diameter 
ofthe smallest plated-through hole. Although it is possible to have the board up to 5 times 
thicker than the diameter, cost will be much higher and reliability will be reduced. This 
restriction on thickness is the result of the fluid kinetics of plating baths, either copper or 


r. 
ere rece sicnechstie mini aaa ee nee stage. The distance 
hetween adjacent copper layers should not be less 
than 0.004 in. The minimum thickness between 0.004 MIN, 
copper layer and adjacent core should be specified 
also, but it should not be less than 0.0006 in (Fig. 

20.6). Beyond that, it is wise to let the board maker 
use his own preferred methods for building a board 
at minimum cost. As before, his methods depend 
on his inventory and the processes that he has 9.0006 MIN. 


developed. RX QQ_q_q$s__ 
Jn order to reduce manufacturing costs, it is com- 
SSS 


BASE MATERIAL 
B STAGE 
copper 
processed through manufacturing without any diffi- Fig. 20.6 Minimum B-stage dimen- 
culties. When closer terminal area spacing and tight sions. 
tolerances are demanded, the size of such panels 
must be reduced to ensure accuracy of registration and hole locations. Therefore, a 
smaller number of multiple circuits on the panel can be processed simultaneously. That is 
reflected in the manufacturing costs, and the combined increase due to tighter tolerances 
and smaller panels can be as much as 80 percent more in the cost of individual circuits, 
The final or finished board dimensions, the length and width as well as the thickness, 
affect board cost. Most copper-clad base material is available in 24 x 36-in sheets or in 
multiples of 1-ft increments. A ]-in margin must be allowed around the final size of the 
board to accommodate tooling holes. Then limit the final size of the board so that a good 
yield is obtained from each standard-sized sheet. The purchaser always pays for the scrap; 
and the amount of scrap can be considerable, as Fig. 20.7 shows. 
Another useful purpose of the margin around the finished multilayer board is for 


NONRECOMMENDED: RECOMMENDED: 
24iN 24 IN 


VIN 


FINISHED BOARD. 
SIZE 


421N 


12iN 
WASTE 


SIZE NEEDED 


STANDARD SHEETS AND ~—_NPRODUCTION 


STANDARD SHEET AND 
CUTS OBTAINED pete Be 


CUTS OBTAINED 


Fig. 20.7 Adjusting finished board size to the standard sizes of clad sheet material will reduce the 
Waste for which the purchaser pays. 
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sampling. Extra holes and lines should be made in the margin so that the sample can be 
tested and sectioned through for examination after processing to determine condition of 
the finished board. Such samples, known as coupons, will provide an excellent indication 
of the integrity of the entire board. 

The final board thickness will depend upon the number of conductor layers and on the 
electrical layer-to-layer spacing requirements of the design. In multilayer printed wiring 
the increase in cost is not directly proportional to the increase in the number of conductor 
layers. For example, doubling of the number of layers from five to ten will probably 
increase costs by only 30 percent. In many cases additional layers may so simplify the 
design and reduce conductor density and increase conductor size that costs are actually 
lowered. However, if the number of conductor layers exceeds ten, the extra-layer costs 
may increase at a rapid rate. 

There is no standard rule for the optimum thickness of printed wiring nor for the 
number of multilayer conductive layers. The difference in base laminate costs due to 
variations in thickness has a small effect on the finished printed wiring cost. 

Occasionally the limiting factor for printed wiring thickness is the diameter of the 


smallest hole, especially when the holes are plated through. 


16. Holes and Terminal Areas 
a. Plated-through-hole Size (Fig. 20.8). A plated-through hole must be sufficiently large to 
allow the required deposit of metal on its wall. Minimum hole diameters should be three- 
fourths of the board thickness after plating, 
By that ratio, between 0.0005 and 0.002 in of 
metal can be deposited in the wall of each 
hole with standard plating equipment. Metal 
deposited upon the surface will be up to two 
times the amount deposited in the hole. 
Smaller holes can be plated through, but the 
ratio of metal deposited on the surface to that 
deposited within the holes increases. 

The plated-through hole i 
the total board thickness by the 
tion of the manufacturing plati 

There is an upper limit to the ratio of the 
multilayer printed wiring thickness to 
plated-through hole size (plating ratio), a8 
Fig. 20.8 Cross section of plated-through hole. previously mentioned. The minimum 


plated-through-hole is thus defined by — 


the overall board thickness, component lead diameter, and the applicable plating ratio. 
Generally, the strength and reliability of a through hole will increase with size. 

‘The minimum plated-through-hole size is often related to the multilayer board thick 
nesses by the degree of sophistication of the plating process. In general, long narrow holes 
are more difficult to plate than are holes of large diameter in relatively thin boards. 

b, Terminal Area (Pad) and Hole Size. Pad size has a direct relation to the producibility of 
the multilayer board. A good rule of thumb is to haye the pad at least twice the diameter of 
the hole to be drilled through it, but in today’s high-density technology that luxury iS 
rarely possible. The drilled hole must be from 0.004 to 0.007 in larger than the required 
nominal size to allow for hole size reduction after plating through the hole. 
Numerically controlled drills are capable of making between 40 and 180 hits (drill 
strokes) per minute. If there are holes of several sizes in the board, remember that it takes 
approximately as long to change a drill as it would to drill 1700 holes. Therefore, the 
smaller the number of hole sizes, the less the drilling downtime and the lower the cost. 

Hole size is another area that affects cost. If the diameter of a hole is over 0.125 in, the 
hole will probably need to be drilled by hand while the board is held in a special fixture- 
That involves higher cost and reduced accuracy. 


ELECTRICAL DESIGN FACTORS 


The electrical factors which affect the design of a multilayer circuit are basically the 
electrical requirements of the system of which the circuit is to become a part. 


Multilayer Design and Layout 20-19 
conductor thickness, width, and spacing are primarily functions of the voltages and 
currents required by the system. In addition, conductor spacing, location, and routing may 
be affected by the types of signals being carried when those signals may interfere with 
each other or be affected by stray capacitance. This factor also may control insulation 
thickness between layers and even dictate shielding between layers, between conductors, 
poth. 
aide yor citeditny i comprised ofa series of tndividual disantsivideuuried 
and etched circuit boards, the basic design parameters that apply to the individual layers 
are the same as those that apply to conventional one- or two-sided circuitry. When slight 
differences occur, they are usually beneficial and result from the effective encapsulation 
of the individual circuits during the laminating process. 


47. Conductor Spacing and Clearances The separation (spacing) between adjacent conduc- 
tors must be sufficient to ensure electrical isolation. In addition, if components are to be 
soldered to terminal areas, the separation must be adequate to prevent solder bridging 
between the terminal area and other external conductors. The nominal value of this 
spacing has an associated tolerance due to the location and conductor width tolerances 
inherent in artwork and fabrication. For that reason, spacing is normally specified as a 
minimum value to ensure that the desired separation is maintained regardless of 
tolerances. 

Multilayer printed conductor 5 


‘ing is the same as for single- and double-sided 
printed boards; the table pertaining to coated boards is used for internal conductor 
spacing values. The one exception is that spacing of 0.005 in is allowed for internal 
conductors of 0 to 15 V. 

Frequently it is required to interconnect conductors on two separate layers of a 
multilayer board with plated-through holes which are separated by an intermediate 
conductor layer without shorting to the intermediate layer. Thus arises a need to keep an 
oncentric to the plated-through hole in the intermediate layer free of conductive 
al. In the case of a voltage or current distribution plane, simply etch out a circular 
a of copper concentric to the plated-through hole of sufficient diameter to allow for any 
misregistration during multilayer board fabrication to ensure the minimum space require- 
ments on the board are met. The diameter of the clearance area must be larger than the 
maximum outside diameter of the plated-through hole by an amount sufficient to meet the 
minimum space requirement and allow for production tolerances. 


18. Capacitance It should be noted that actual capacitive coupling is a complex value. 
Each conductor of a group located in close proximity will contribute some cross-coupling 
to the other conductors, and therefore calculated values might be exceeded considerably 
in actual boards. To minimize such capacitive coupling, it is advisable to alternate the 
direction of conductor routing on adjacent layers. The basic capacitor equation serves as a 
useful approximation: 


conductor width (in x 10“ x dielectric constant 

4.45 x dielectric separation (in x 10“) 
This equation is generally in close agreement with empirical values obtained, but it tends 
to give a value somewhat on the lower side of actual measurements. 

The capacitive coupling between conductors can be minimized by limiting the length 
of conductors running in the same vertical plane on two layers, Caution must be exercised 
with circuits which are located over the shield or ground planes, since in such cases the 
entire length of a conductor is capacitive-coupled to the plane and allowance must be 
made in design for it. 

x Four different test pattems (Fig. 20.9) were used to obtain the capacitance data in Figs. 
20.10 to 20.13. The test pattems were: 

Soe 1. Three sets of conductors with varying conductor spacing, one side solid- 
shielded. 

Patten 2. Three sets of conductors with varying conductor spacing, both sides solid- 
shielded. 

. Pattern 3, Three sets of conductors with varying conductor spacing, each conductor 
individually shielded on both sides. 
Pattern 4. Three sets of conductors with varying conductor spacing, unshielded. 


C (pFiin) = 
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Multilayer circuit capacitance values are controlled by careful design, routing, and 4 


spacing of conductors and thickness of insulation. 

Additonal tests have indicated that 0.030-in-wide conductor lines spaced 0.004 in apart 
had an average capacitance of 7 pF/in. (Variations in fabrication can alter that value by 10 
to 15 percent.) When capacitance is critical, shielding as shown in Fig. 20.9 can be 
included to minimize its effect. 


PATTERN 1 


PATTERN 2 


CONDUCTOR: 


PATTERN 3 


PATTERN 4 


Fig, 20.9 Test pattems of capacitance shielding. 
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Fig. 20.10 Capacitance between a center con- Fig. 20.11 Capacitance between two altemate 


ductor and two adjacent grounded conductors in conductors with the center conductor 
the same plane. 


LAYOUT 


Three classes of multilayer printed boards have been established by the Institute of 
Printed Circuits; see Table 20.3. They range from the most difficult to produce (class 1) to 
the easiest (class II). Line and board size tolerances, hole size and location tolerances, 
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and physical requirements are typical factors which determine how a particular board is 

it is highly recommended that the outer layers of a multilayer board be designed to 
have no circuitry and only pads. The reason is that the most common process problem is 
*yesist circuit breaks,” in which the resist has not acted as desired, It is therefore desirable 
to reduce the number of areas to be processed with resist after the board has been 
jaminated. When laminated, the board represents a rather expensive assembly, and risks 
should be minimized during the processing that follows. Having only pads on the outer 
Jayers will limit a major risk. 

“The preparation of the layout is a very interesting topological problem. Several papers 
on the mathematical background for an optimum conductor routing and the use of 
computers for that purpose have been presented. Some electronic companies have 
already successfully computerized a multilayer layout. 

It appears that the number of variables and restrictions necessary for computerized 
layout preparation is quite large and that it requires the services of a very complex 
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Fig. 20.12 Capacitance between two altermate Fig. 20.13 Capacitance between two adjacent 
conductors with the center conductor and each conductors. 
adjacent conductor grounded, 


installation. Besides, the software preparation for such programs is quite time-consuming 
and difficult. Therefore, the average engineer who wants to design a multilayer board 
will, for some time to come, lave to make the layout by manual operation. A general 
procedure for manual layout operation is as follows: 

To prepare the circuitry layout for individual layers, a number of thin Mylar sheets are 
placed over the terminal point master. The number of these sheets is equivalent to the 
expected number of layers, and the sheets are taped together so that each one is easily 
accessible. The overlay package is then placed over a light table and layout work can start. 
‘The routing of approximately 80 percent of the interconnections in a fairly complicated 
board goes rather fast; it is the last 20 percent that cause problems because a path must be 
cleared for them among the interconnections already laid out. This occasionally requires 
the transfer of existing connections from one layer to another to clear a path for the new 
ones. 

It should be noted here that one man has to work on one board from start to finish of the 
layout; the work cannot be subdivided among a number of drafters. The checking should 
be done by someone other than the designer. 

The physical layout of a multilayer printed board (MLB) will depend, among other 
things, on the dimensions and tolerances associated with most, if not all, of the following: 

1. Line width 

2. Impedance value and tolerance control, if controlled impedance is required 
3. Individual layer thickness 

4. Number of layers 

5. Layer function 

6. Total MLB thickness 
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. Plated-through-hole size 
3. Pad size 
). Grid dimension 
10. Clearance area diameter 
11. Minimum space between conductive surfaces 
The fabrication of these items will be dependent upon 
12. Artwork fabrication accuracy 
13. MLB production or fabrication tolerances 

In determining the parameters (items 1 to 11) for a multilayer board, it is best to start 
with a grid and set of fabrication tolerances (items 12 and 13) and then compute items | to 
11. If the values are compatible, everything fits. Otherwise, modifications which usually 
result in having the MLBs fabricated to tighter tolerances and correspondingly higher cost 
will have to be made. 

Modification of the grid is not usually practical if a judicious choice was made origh 
nally. Popular grid sizes are usually multiples of 0.025 in. That is sometimes dictated by 
the component manufacturers, who usually offer fixed lead devices on 0.025-in grid 
centers. Other grid dimensions may also be used. 

Sometimes it is desirable to be able to place the center of a pad surrounding a plated- 
through hole and the center of a signal line on adjacent grid positions. That implies 
pad surrounding plated-through holes could be placed only on altemate grid positions, 

All of the procedures involved in the generation of a multilayer board design can b 
summarized in the following six basic steps. (In an automated system computer progra 
and numerically controlled plotters perform many of these functions.) 

Step 1. Make the early decisio: 

© Develop the logic diagram. 

® Select component type: 

© Determine packaging, interconnection, and component attachment methods. 
Step 2. Partition the system: 

© Establish the number of input-output points per board. 

© Decide on pin or finger terminations. 

© Determine the maximum number of modules per board. 
Step 3. Start physical design of board: 

© Determine hole sizes. 

¢ Evaluate conductor routing. 

® Decide on discrete component location, when applicable. 
Step 4, Prepare formal drawing of board: 

© Include preceding information plus new details such as mounting holes. 

Indicate forbidden areas. 

© Investigate need for heat sinks. 

Step 5. Code each module and terminatio) 

5 © Assign numbers to each element of drawing with corresponding numbers on logie 
iagram. 
* Identify modules with heaviest interconnection traffic and relocate holes where 
necessary. 

Step 6. Prepare artwork: 

Produce enlarged masters of each board. 

Determine, manually or with computer, optimum conductor routing for each layer. 
Check out final interconnection design. 

Draw or tape enlarged masters of each layer. 

Reduce masters and prepare glass negatives. 


19. Early Decisions At the earliest stage of the design, an important decision must be made 
about the division of the entire system into individual boards in order to make the best use 
of space, achieve the least costly throwaway or replacement level, ensure the greatest 
design flexibility, and reduce weight, overall cost, and number of interconnections. When 


the physical dimensions ofa system are given, the only problem for the design engineer is _ 


to make certain that all required components, modules, and boards will fit in the 5] 
volume. When the configuration of a system has not been defined, the problem of 
selecting the optimum board size becomes acute. An increase in board size, with 2 
corresponding increase in the interconnection complexity, increases the cost of a board, 
not in direct proportion, but at a much slower rate. 


Multilayer Design and Layout 20-23 


A different approach is to limit the board size by interconnecting only a small but 
repetitive subfimction, such as an adder, shift register, or logic unit. With such a design, a 
system will consist of a large number of smaller boards. 


20. Input-Output Input-output terminations have a strong influence on multilayer board 
design. If the number of points on a board that require connection to the outside world is 
equivalent to the number of internal connections, then the use of multilayer boards will 
be quite inefficient and some other packaging method should be used. A good rule of 
thumb is that in a multilayer board no more than 20 percent of the total number of 
terminal points should be devoted to input-outputs; the smaller the percent the better the 
design. The present trend to increase the number of integrated circuits on a board 
decreases the number of input-output points per package. 

Since in most designs the output-input terminals are located close to one side of the 
board or on one edge (in the case of finger terminations), sufficient room must be allocated 
to accommodate an adequate number of those terminations. There is a practical limit to 
the density of terminal points in multilayer boards. In the case of pin-type connectors, 
which usually have two or more rows of pins, the pin separation should be no less than 0.1 
in and pin diameter no greater than 0.03 in; otherwise, there will be no room to bring 
connectors between the first row of pins and the next. 

In the case of finger-type terminations, it is just possible to accommodate a row of 
single-sided fingers on 0,05-in centers. Ifthe fingers are located on both sides of the board, 
the minimum center-to-center locations must be 0.1 in; otherwise, the plated-through 
holes will connect the fingers from both sides and it will be impossible to bring separate 
signals to the fingers on each side of the board. 

There are some advantages in using pin-type connectors to bring input-outputs into 
multilayer boards. The finger types limit the overall thickness of the board, which may 
present occasional problems in locating all the desired interconnections within the 
predetermined number of layers. There may also be problems if electrical requirements 
call for greater vertical separation between layers and the overall thickness of the board is 
limited by the mating connector. In an emergency it would be easier to use a pin-type 
connector with more pins. That change will usually require a minimum of additional 
space on the board, but it is impossible to add extra fingers when all positions available on 
the board edge have already been used. 

The maximum number of termination points which can be placed on a given board 
determines, in many cases, the maximum number of modules a board can handle. To 
determine the number of input-outputs, encircle a portion of the logic diagram to be 
placed on a single board and then count the number of connections crossed by such a 
hypothetical line. Of course, avoid encircling more modules than there is room for 
physical accommodation on the board. This method of isolating the subsystem with a 
minimum number of input-output connections automatically groups the functionally most 
highly interrelated modules on the same board. Conversely, it will determine the maxi- 
mum number of modules that fit on a single board. 


21. Conductor and Terminal Area Layout Widths should be selected that produce the 
desired conductors after final artwork reduction, As conductor widths and spacings are 

ied by manufacturing tolerances, minimum line and spacing dimensions and allow- 
ances for tolerances must be considered. In preparing the layout, care must be exercised 
fo assure that adequate allowances are made for artwork preparation and manufacturing. 

Terminal areas (pads) should be treated in the same manner as conductors. Terminal 
areas are usually round, although square pads with a hole in the center are sometimes 
used. When a pad size is selected, the outside dimension (diameter) should be sufficient 
to assure a minimum annular ring after all tolerances have been taken into account. In 
general, the largest pad possible, considering available space, should be used regardless 
of hole size. 

Ifa pad around certain holes is undesirable, the diameter of the pad selected for the 
artwork should be smaller than the finished hole. It will then be removed by drilling, 

Where ground or voltage planes appear as inner layers, the clearance holes required to 
eliminate unwanted connection to the plated-through holes must be clearly delineated. 
This is essential because these holes are fabricated in the plane prior to laminating, 
whereas all other holes are drilled after lamination of the multilayer structure. 
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22. Layout Feasibility Concepts After the board size has been determined, all module 
positions distributed, pad or hole location fixed, and imput-output methods selected, the 
formal drawing of the board can be started. The drawing should contain all the above 
information, as well as information about other holes such as mounting holes to secure the 
boards to the frames or to secure connectors or other hardware to the board. It is important 
to indicate the existence of any forbidden areas, in which no conductors should be pl: 
during layout and artwork preparation lest conductors on inner layers be cut through by 
mounting holes drilled in the final operation prior to assembly. 

Before full design information can be included in the drawing, some consideration must 
be given to the appearance of the surface of the board. The surface will depend greatly on 
the type of component connection selected for the system. If flat packs are used. and 
connected by parallel gap welding or some form of solder reflow techniques, adequate 
tabs must be provided on the surface. Since the welding or soldering operations are apt to 


weaken the bond of the tab to the plastic substrate, the tabs should never be shorter than _ 


0.1 in to achieve sufficient anchoring. When surface tabs are used for connection of flat 
packs, the plated-through holes which bring the signals from internal layers can be 
staggered to provide more room for conductor routing. Dual in-line packages have leads 
placed on 0.1-in centers to allow easier conductor routing between holes. 

Holes in multilayer boards are often very closely spaced, and there is not much room 
between holes on the surface for sizable pads. Therefore, it may be necessary to use 
“landless holes,” the soldering of which is done to the barrel of the hole. Landless hole: 
have the plating contained entirely on the hole walls. The plating overhang around the 
hole orifice forms a small metallic ring. Landless holes have minimized the occurrence 
solder bridging between closely spaced terminal areas and neighboring conductors, 
frequent problem in boards with very small spacings, It is also highly recommended 
no conductors be placed on the surface of boards connecting integrated circuits. The 
tolerances of plated-up conductors on the surface are much wider than those on intes 
layers and in any locations that might present electrical problems and difficulties 
handling or assembling such boards. The only exceptions are situations in which high- 
frequency requirements demand a microstrip configuration for impedance it 
‘Then the conductors must be located on the surface of the board. 

By having all interconnections on intemal layers, the multilayers provide ample ro 
for placing heat sinks on the surface. For flat-pack or dual in-line mounting, continuous) 
strips can be placed directly under the body of the package and extended either to 
selected output points or to any edge of the board for heat extraction. That feature 
becomes very important when heat cannot be removed by convection and is entirely” 
dependent upon conduction, as in space. Usually such heat sinks are produced dt z 
fabrication of the board, i.e., they will consist of copper foil overplated with whateve 
materials are used in plating through the holes. The overall thickness of heat sinks 
manufactured by this process will be no more than 0.006 If that cross section is 
insufficient, then the heat sinks can be fabricated separately from thicker foils and bonded 
to the board surface. 

The geometry of flat and dual in-line packages lends itself to a much more efficient heat 
sink design than TO-5 cans, With TO-5 cans it is very difficult to place heat sinks 
underneath the body. The only solution is to place the ground plane on the surface; then 
the grounded pin of the module acts as the heat-transfer link to the plane and through it to 
the outside. With such construction there is the possibility that the board will be more apt 
to warp because it has a heavy metal layer on one surface. 

From the logic diagram it is fairly clear which modules have the most interconnection 
traffic between them, and they should be grouped in close proximity. Modules which 
have critical electrical connections between them should be closely placed. Obviously, 
the modules with the most input-output signals should be located close to the input 
output area, 

At this point it is hardly possible to forecast the complete conductor routing plan and. 
thus arrive at an optimum module distribution on the board. Simply adhering to the above 
rules is usually sufficient to make a reasonable distribution of modules on a given board. 


Occasionally, more efficient interconnections can be achieved by relocating some mod- _ 


ules from their preassigned position during the layout phases of the design. 
A somewhat different situation exists in regard to input-output points. The exact pin 
locations of all signal outputs should not be defined at this stage. If both module locations 
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and output positions have been defined before the layout is made, the result may be a 
highly inefficient conductor routing scheme requiring many more layers than one in 
which at least some degree of freedom for the layout is available. 

Before actual layout of the circuitry can start, a few rules about conductor routing must 
be developed. In multilayer boards it is advisable to use conductors as wide as the design 
permits. If conductors are made very narrow, the etching tolerance can be a substantial 
percent of the conductor cross section and might create some electrical disturbances. 
Preparation of the artwork can be accelerated if a uniform conductor width is used 
throughout the entire board, but some narrowing down in critical areas is permitted 
occasionally. Also, if power distribution buses instead of planes are used, they should be 
made wide to minimize the voltage drop. 

Spacing considerations are of utmost importance. During layer lamination processing, 

two parallel conductors on the same layer will not move relative to each other, but the 
entire layer might shift a little. If provisions for adequate spacing between conductors and 
drilled holes are not made, the possibility of shorts or low resistances between various 
signals is greatly increased. If any trade- 
offs in spacing are necessary, they should LAYER 1 
be made at the expense of spacing between ISSSSASSASS 
adjacent conductors on the same layer, so SHICKNESS Gy SAYER e 
long as electrical parameters permit, and REE 
never between the conductor and terminal SS 2 LAYER 4 
areas. It is advisable to calculate from the Fig. 20.14 Cross section of multilayer printed 
beginning how many conductors ofa given board, 
width, properly spaced, can be brought 
between two terminal points in various areas of the board and then stick to those ground 
rules during the layout of the conductors and never exceed the specified conductor 
number. 
23. Master Drawing Preparation The most basic and possibly the most important considera- 
tion for accurate and economical production of multilayer printed boards is the initial 
preparation of a correct and complete part drawing. The drawing is used by the manufac 
turer in determining characteristics of the part and the most efficient method of produc- 
tion. The same drawing will be utilized by the quality control and inspection departments 
of both the user and manufacturer to establish the quality, reliability, and acceptance of 
the finished part. The information contained on the part drawing should be as follows; 

1. An outline drawing of the part showing all dimensions and tolerances. 

2. A complete description of the base material (that is, G-10, G-10FR, or other 
selected material). 

3. A cross section of the desired end item indicating layers (by number) and critical 
dimensions (Fig. 20.14). 

a 4, Circuit pattem images for each layer identified by layer number (optional but 
iesirable). 

5. Thickness of copper, by layer, taking into consideration the plated-through hole 
process, which will increase the copper thickness of the outside layers. 

6. A table showing hole diameters, tolerances, number of holes, and a coding 
system so that holes shown in the hole table can be identified on the multilayer cireuit 
board (Table 20.5). (Large numbers of small holes of the same size need not be counted, 
but the quantity of holes occurring in the lowest number is an aid in eliminating errors in 
manufacture.) 

7. A note stating which holes are plated through. 

8. All machining dimensions with correct toleranc 

9. Any nomenclature or markings other than the circuit pattern. 

10. Name and number of any other specifications that may apply to the part. 


TABLE 20.5 Typical Table Showing Proper Hole Designation. 


Hole Diameter Tolerance 


0375 +£0.05 
0.093 0.002 
0.125 0.003 
0.040 0.003 
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It is necessary that the circuit patterns be positioned with respect to the outside edges of 
the finished board. Positioning may be accomplished in a variety of ways, one of which is 
as follows: Locate two or more tooling holes within the board configuration, preferably 
close to the edge.These holes are placed on each layer of the artwork, and the circuit 
pattern is positioned with respect to the holes. Not only are the tooling holes used in 
preparing the artwork, they are necessary for checking layer-to-layer registration 
eae the multilayer board. All dimensioning should revolve around these holes 
(Fig. 20.15). 

Although two tooling holes are used by several companies, many designers prefer using. 
three tooling holes to guard against a reversed image on one or more circuit layers. The 


0.0250 IN 0.250 IN 
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as 
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Fig. 20.15 Typical dimensioning with respect to tooling holes. 


third tooling hole can be of particular value when a high degree of symmetry in circuit an 
hole pattern exists. 


24, Digitizing Many companies today have semiautomated systems. The design i 
manually, but the information is extracted and put into a form to operate a 
generating equipment. Digitizing is the technique used. The primary function of digitize 
ing is to extract the xy coordinate information manually from the design layout through: 
the use of equipment called a digitizer. The layout is used as a template for the 
preparation of artwork or as a means of accomplishing the coding required for a numeri- 
cally controlled plotter. 

The digitizer consists of an output unit and a table equipped with a reading head 
mounted on an xy carriage. The motion of the head is coupled to encoding devices. The 
encoders feed digital information on the xy coordinate position of the reading head to the 
output unit. The output unit converts that information to the proper code as interpreted by 
ts photoplotter and punches it into paper tape, cards, or magnetic tape on command from. 

1¢ operator. 

The operator places the design layout on the digitizing table and manually moves the: 
reading head (cursor) along the conductors and terminal areas on the layout. That can be 
considered a tracing operation. As the operator progresses from point to point, he or she 
presses a record button at each grid the coordinates of which are to be recorded. A trace 
overlay can be used to assist the operator on missing digitizing points. 

‘There are many different orders in which information is digitized. Many companies put 
identification information at the start of the NC tape or cards. A usual procedure is to 
all of the terminal areas first, grouped into sizes, and then the conductors. Standard. 
symbols for specific pattems, board outlines, connectors, etc. are sometimes coded im 
advance and inserted into the NC data stream when needed. This reduces digitizing 
effort. 

‘The terminal area (hole) location (xy coordinate) information may be converted to 
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provide fabrication information for drilling the printed board. Conversion is accomplished 
by means of a computer processing sequence for specific drilling equipment. Such a 
sequence would create an NC drill tape or a tabulated coordinate listing for use in 
roducing the NC tape. The final output is composed into a completed job package and 
Pocomes ready for the photoplotting sequence in the development of the artwork. 

Because of the wide range of forms of information either created or required to satisfy 
each company’s needs, no single piece of an equipment ensemble can solve all the 
problems. Therefore, the need arises to implement a comprehensive man-machine inter- 
face for desired results. 

Depending on the complexity of the design layout, the digitizing steps can run from 1 to 
60 h to complete a single printed board design. That operation, therefore, becomes the 
pacing item within the design department. Changes in or revisions of previously digitized 
data become another pacing item. It is usually speeded up by means of computer 
programs which can add and delete information and thereby allow a fast turnaround for 
photoplotter completion. 


ARTWORK GENERATION 


After the layout is completed and checked out, actual artwork preparation is started, The 
preparation can be by the conventional method of reproducing the master pad layout for 
each layer on Mylar, placing it over the pencil sketch which shows the interconnections, 
and then taping the conductors in the same fashion as for regular boards. That part of the 
job can be distributed among many drafters, which will reduce lead time. After the 
artwork is complete and the conductor widths and spacing are checked out, the masters 
are reduced by camera to 1:1 size and glass or film negatives are made. The negatives 
serve as tools for the production of the layers. The artwork operation usually goes faster 
than the circuit layout. 

‘Today many companies use artwork-generating machines which can transfer the infor- 
mation from the layer layout sheets by digitizing on a tape and then supplying the tape to 
numerically controlled artwork generators that produce the final 1:1 masters very 
accurately. 

The exactitude required on completed multilayer parts is so great that the tolerances 
necessary for the manufacturing processes use almost all available space and leave 
NY no room for mistakes in the artwork. Ideally, the 1:1 masters should have the 

location of terminal areas, line widths, and spacings held within 0.001 in of true. There- 
fore, the work on the enlarged artwork masters must be performed with the utmost care 
and the most accurate drafting equipment a ible must be used. 

It should be evident that very serious attention must be paid to all steps in the design 
and preparation of artwork and that the multilayer board design is a rather long process. 
Sufficient time must be allowed for those steps to ensure that satisfactory boards will be 
manufactured. 

The minimum space cannot be the same on the artwork as on the end product board, 
since the conductor pattern width and the location of the pattern on the artwork have 
associated tolerances. Also, the conductor width has a fabrication tolerance. If the toler- 
ance on the artwork allows the conductors to come closer together than nominal and the 
fabrication tolerances on conductor widths are positive (wider than nominal), the mini- 
mum space requirement on the end-product board can be violated. Therefore, an associ- 
ated tolerance is needed on the artwork to compensate for those factors. 


25. Registration One of the most critical parameters in producing multilayer boards is 
Tegistration between layers. Proper registration of layers in the finished product depends 
upon the precision of the artwork, which cannot be overemphasized. The use of the 
following sequence in laying out multilayer artwork is a way to ensure good registration: 

1. Prepare a master layout. It should show the tooling holes and the complete hole 
(pad) pattern positioned dimensionally to them. At least two reduction targets and the 
exact final (reduced) dimension between them also should be included. 

2. Photograph (1:1) the master layout and make as many copies as layers. 

3. Lay out the conductor pattern for the intemal layers and eliminate any unwanted 
Pads (holes). 

4. Lay out the conductor pattern for the two external layers. 

5. Check registration of all layers. 
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In laying out the artwork, consideration must be given to many items to a 
production of a satisfactory end product. 


TOOLING 
No amount of material and process control can compensate for inaccuracies in the orig 
artwork. A good artwork and tooling system is essential if adequate registration is to b 
achieved on the finished board. Table 20.6 outlines errors resulting from tooling and o 


TABLE 20.6 Tooling and Other Errors (Absolute); Reduced to 1:1 on 17 x 1 
Tooling (Error? 


Reference grid 
Grid pinning 
Camera 
Camera pinning 


17.6 x 10° in? 
Material instability 


Original artwork +0.001 

Photographic film =0.0007 

Film processing 0.0005 

‘Laminate £0.004 16.0 x 10° int 


Pad position 
Drilling 


41.6 10 int 
RMS error (radial) 0065 in 


sources. In the table we see a list of features which contribute to the final degree of 
misregister. The values shown, which are absolute with respect to a theoretical grid an 


are scaled to apply to a 17 x 11-in panel, are those which can be expected even when. 


artwork is prepared and used in a controlled environment, the material movement 


minimized by the use of center panel and center edge datums, good-quality pho! 
and drilling equipment is used, and pinned tansfer is used throughout the 
sequence. 


The resultant of any system may be expressed in practical terms as the pad diametet 
required to contain a hole and leaye a specified clearance between the edge of the ho 


0.025 in. 

Artwork and tooling systems are expensive to install and should obviously not 
overspecified. However, in making the choice, one should assess a system’s ability to co 
with future design and manufacturing requirements. 


26. Corner Marks Comer marks and part outlines are useful features for the fini 
product, especially when hand-tooling does not exist. As a minimum, comer marks sho 
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appear on the artwork for each layer, for toolmaking, and for registration checking 


27. Reduction Targets Each piece of artwork should have two reduction targets along with 
the exact final (reduced) dimension in between. The dimension will be used to determine 
\vhether the artwork has been reduced to proper size. 


EST COUPON 


Jt is recommended that a simple test coupon be incorporated into each panel processed in 
order that certain destructive tests may be carried out. 

The design of the coupon and the tests carried out will depend to some extent on the 
board specification and the processes used, but the coupon can be quite small and would 
normally be expected to include continuity, solderability, and microsection patterns, The 
continuity pattem may be monitored for resistance and intermittance under thermal or 
mechanically induced stress. The solderability and microsectioning patterns may be used 
to evaluate surface solderability, the resistance of the plating and interlayer bonds to 
solder immersion, and plating thickness and adhesion and also to give a subjective but 
very useful assessment of joint quality. 


MARKING 


Markings such as nomenclature, part number, and component symbols are frequently 
desired on multilayer printed boards. Such markings can be made either by etching 
simultaneously with the conductor pattern or by printing in ink. 

Etched markings are usually lower in cost, provided they are large enough. When 
etching is used, the letters, numbers, or symbols must be sufficiently large to withstand 
processing, because they are subject to the same variations as conductors. Also, care must 
be exercised that the marking does not reduce the space between conductors below the 
specified minimum. Etched markings should be included on the original artwork, 

Markings printed by using epoxy-based ink may be smaller than etched markings. 
Small printed markings will be easier to read, and the ink is as good an insulator as the 
base laminate. Also, ink markings remain readable after dip soldering, since solder will 
not adhere to ink. Markings may be ink-printed on the base laminate, the conductor 
pattern, or both. Since a separate printing operation is required, a separate piece of 
artwork containing the desired markings is required. If markings are required on both 
sides of the board, two pieces of artwork are needed. 
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INTRODUCTION 


Metal-clad laminates used in the manufacture of multilayer boards are generally restricted 

to a base thickness of less than 0.031 in. These so-called thin laminates for multilayer 

printed boards have some variance in properties from conventional standard laminated 

materials, Therefore, it is advisable to use different specifications and design parameters _ 
in describing and specifying them. This chapter will be concemed only with properties 

other than those discussed in Chapter 2 on standard laminated materials. It therefore can 

be assumed that properties not discussed in this chapter are common to both thin and. 

standard materials. 


MULTILAYER LAMINATE MANUFACTURE AND QUALITY 
CONTROL 


The manufacture of thin multilayer laminates is almost identical with the manufacture of 
the thicker counterparts. There are, however, several areas in which most laminators vary 
from standard processes. First, in thinner metal-clad laminates, thinner layers of base 
material, usually glass cloth, are used. That means more careful control of the treating 
process is required both in maintaining the resin-to-glass ratio and also in the } 
curing of the prepreg material. Because multilayer boards require a more critical applica 
tion of thin materials, the entire treating and pressing operation is usually enclosed in a 
“clean room” atmosphere to control more of the minor defects which would not affect the — 
thicker board. In the laminate buildup area, more care is taken to eliminate dust particles 
from the press pans and from the foil prior to lamination. 

On the unclad side of thin single-sided laminates, a textured surface is often obtained 
by roughening the steel press pans or by using combinations of papers or foil pressed 

inst the unclad surface. The textured surface increases the bondable area of the unclad 
side and therefore allows greater bondability when the multilayer board is pressed. Most 
thin multilayer materials are produced to a much tighter thickness tolerance than is 
necessary on standard materials, The tighter tolerance is obtained by more closely 
controlling the resin content of the base material, the thickness tolerance of the glass, and _ 


the flamess variation of each press pan. Each thickness of base material from 0.002 to 
0.030 in usually requires a different combination of glass cloths to make up the q 
thickness. Therefore, in the construction of thinner materials, many different fine~ 
cloths are employed, depending upon the final thickness required. Removal from 
press, trimming to size, and inspecting and packing require a great deal of care and 
handling owing to the ease of breakage of thin clad materials. Generally, thin clad 


laminates are shipped in smaller sheet sizes to minimize the customer's breakage, and the 
materials are often shipped in cut-to-size panels. In final inspection, the laminate is: 
subject to more rigid standards. The base material is more carefully inspected for thick- 
ness, as well as base continuity, since thinner materials can permit electrical breakdown if 
uniformity of the base laminate is not maintained, 


LAMINATE AND PREPREG EVALUATION, SPECIFICATION, 
AND QUALITY CONTROL 


It is important to evaluate and develop a specification for thin materials in the same 
manner as for standard materials, It is equally essential to establish the specification om 


the basis of the multilayer manufacturing process and electrical and mechanical design 


criteria to minimize the inconsistencies of multilayer board production. Many of the 
standards outlined for general laminates can also be used in establishing those criteria, 
but there are some exceptions or modifications which must be made when thin 
materials and prepregs are evaluated, 


4. Surface and Appearance Standards Pits and dents in the clad copper surface have been 
outlined from MIL-P-13949E in Chap. 2. The military specification for thin laminate 
metal clad is MIL-P-55617A, and it defines the following point system for measuring pits 
and dents in the clad surface: 

a, Grade A. The maximum point count for pits and dents combined in any square foot of 
surface must be less than 30. The point system used is as follows: 
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Longest Dimension, in Point Value 
0.005 to 0.010 
0.011 to 0.020 2 
0.021 to 0.030 4 
Over 0.031 30 


b. Grade B. The maximum point total for pits and dents combined in any square foot is 
defined as no pit with the longest dimension greater than 0.015 in and no more than three 
pits greater than 0.005 in in any square foot. There should be no scratches greater than 140 
jin in depth, with the exception of within % in of the edge of full-size sheets. 

It is also recommended that the user consider specifying the surface roughness or finish 
of the unclad side of single-sided multilayer materials, since an extremely smooth finish 
even without release agents can prove difficult to bond in the multilayer laminating 
process. 


2. Color Standardization Because the finished multilayer board is made up of several 
layers of thin material, the user may find it important to specify a color standard. Most 
laminators today use an undyed or pigmented resin to minimize opacity. The coupling 
agent, usually a silene on the glass cloth, and the basic coloration of the epoxy resin 
themselves provide most of the final color of the thin material. Usually, by working with a 
laminator, the user can develop a coloration range which will produce the minimum of 
variance in color on the finished multilayer board. The alloy treatment on the copper also 
can add coloration, depending on the alloy and the amount of it imbedded in the epoxy. 


3. Peel Strength The test and test pattern for peel strength of thin foil-clad materials is the 
same as that outlined for standard laminates, but thin materials must be bonded to a rigid 
surface, such as 44e-in aluminum plate, as specified in MIL-P-55617A. If the bonding is not 
done, the angle between the copper and the base material will not be 90° consistently 
during the peel test and irregular peel strengths will be determined. 


4, Solder Resistance Since thin laminates for multilayer boards have a larger surface-to- 
volume ratio than standard materials have, they exhibit a higher degree of water absorp- 
tion. Generally, therefore, it is recommended that the following procedure be used in 
testing the solderability of thin materials. All of the copper can be removed, or a solder 
test pattern can be used. 

1. Dry the samples in an air-circulating oven at 150°C for at least 14h, 

2. Place specimens in a desiccator and allow to cool to room temperature. 

3. Immerse the specifications edgewise or at 45° in a solder pot of 500°F for 20 s or 
the prescribed test period. 

4, Examine visually for evidence of discoloration, loss of surface resin, blistering, 
measling, delamination, etc. 

the user does not choose to oven-dry the materials prior to solder testing, he should 
remember that the amount of moisture absorbed will directly affect capacity to resist 
solder temperatures. 


5. Electrical Testing Thin materials should be oven-dried before they are tested electri- 
cally. Since they have a large surface-to-volume ratio, an increased amount of water 
absorption will lower volume and surface resistivity. The samples should be placed in an 
air-circulating oven maintained at 105°C for a minimum of 14% h and then cooled to room 
temperature in a desiccator. All of the electrical tests outlined in Chap. 2 can now be 
followed. It is also recommended that the user consider adopting a step-by-step voltage 
breakdown test, since thin laminate materials are much more subject to voltage break- 
down through the base materials. The test can be performed as follows: 

1, Electrodes to be used are usually metal cylinders 2 in in diameter and 1 in in 
length. Two-inch copper circles may be etched in the panels to be tested, depending on 
the type of test equipment used. 

2. Dielectric strength of most insulating materials varies with temperature and 
humidity; therefore, test conditions should duplicate the final conditions that the multi- 
layer board will encounter. Test samples should be kept in a humidity chamber long 
enough to reach uniform temperature and humidity before step-by-step voltage is applied. 

3. Voltage should be applied and increased at a uniform rate from zero to the value 
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specified or until breakdown. The rate of rise in the voltage should be approximately 5 
percent per second of the final specified voltage. 


6. Dimensional Stability Dimensional stability in multilayer materials is much more criti- 
cal than in standard materials. It is important that the laminator identify on full sheets or 
cut panels the length and crosswise direction of all thin clad materials. That will 
lamination of layers with lengthwise directions perpendicular to each other, which would. 
cause warp or twist of the finished multilayer boards. It is also important that the user 
recognize the function of expansion in the z-axis, or thickness, direction. The 

which is a function of the resin system or the resin matrix, can be measured by a 
thermomechanical analyzer (TMA). The thermomechanical analyzer is a strip-chart 
recorder with a sensitive thermomechanical probe. The sample to be measured has the 
copper removed so that the expansion in the z axis of the base material only can be 
calculated. The base material is bonded to a flat sample platform, and the probe with a 
light weight is lowered until it touches the sample. The strip-chart recorder is set and the 
temperature is raised gradually until the final operating or multilayer laminating tempera- 
ture is reached, The glass transition (T,) is a second-order change in a polymeric material 
accompanied by a change in the coefficient of expansion. To determine the T, tempera 
ture, extensions of the straight-line portions of the scan are drawn. The intersection of 
these lines denotes the T, temperature. The author recommends the temperature increase 
rate to be in the 20°C min™ range, which stimulates the rise rate of the multilayer cure 
cycle, 


7. Testing of Prepreg It is important that a test program and specification be written for 
testing and evaluating prepregs. Four basic variables are involved in prepreg 
specifications: 
1. Glass fabric or style, meaning the thickness and yam count and yam type. 
2. Resin content—both the quantity and the type of resin. 
3. Degree of cure or time to gel, along with the amount of resin that flows. 
4, Degree of dryness or the volatile content. 
The most common glass construction and resin characteristics of prepregs are called 
in MIL-G-55636A and outlined in Table 21.1. 5 


8. Volatile Content Volatiles are materials, generally solvents, used to keep the basic resin 
at the proper viscosity during the treating operation. The volatiles are partially driven 
during the prepreg semicuring process and will be finally driven off during the multilay 
cure cycle. They are, therefore, somewhat related to degree of cure. As the cure increases, 
the volatile content usually drops. Volatiles can contribute vapor bubbles in the resin 
system as the system cures and can thus add bubbles or voids in the finished multilayer 
board. To measure volatile content, take three or more specimens of prepreg 4 in a 
bias cut. Each sp en is weighed to the nearest 0.001 g, hung from a hook, and 

15 min in a circulating oven at 163 + 2°C (325 + 5°F). At the end of 15 min, the specimens 


TABLE 21.1 Glass Cloth and Prepreg Characteristics 


Glass cloth Prepreg 
Construction i 
Nominal Warp Fill SERS Pee IR 
thickness, thread thread Weight, o7/ ‘As 
count count ye it 


60+3 52+3 0.58 + 0.06 

623 14203 
2140.3 
32+ 0.3 


60204 
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are removed and, within 5 s, weighed to the nearest 0.001 g again. The percent of volatile 
content can then be determined by the formula 


loss in weight 


aliwatghvotspecinncn Too. 


Volatile content (percent) = a 


9. Resin Content One of the key characteristics in good design of a multilayer board is the 
amount of epoxy formulation or resin content of prepreg. Resin content is the total amount 
of resin expressed as a percent of the total amount of prepreg. It can be measured by 
taking the 4-in samples from the volatile content test and weighing them to the nearest 
0.001 g. The samples are then placed in a crucible and fired at approximately 538 + 14°C 
(1000 = 25°F) fora minimum of 60 min. At that temperature all of the epoxy resin will be 
removed and the remaining residual or glass cloth can be weighed to the nearest 0.001 g. 
‘That allows the percent of resin to be determined by the formula 
loss in weight 


iginal weight of specimen 


After the test is performed, the glass cloth may be examined for thread count, glass 
thickness, and fabric weight as specified in Table 21.1. 


Resin content (percent) = x 100 


sin Flow Resin flow also is important to know, because it will determine the percent 
of resin that is flowing during the multilayer pressing cycle. To test resin flow, cut three or 
more prepreg samples 4 in square and make a final package weighing approximately 20 g. 
Determine the weight of the sample to within 0,005 g. Stack all of the squares with the 
grain of cloth aligned in the same direction and place the stack between two 4-in-thick 
metal caul plates. Place the specimen in a multilayer press preheated to 171 + 2.8°C (340 
= 5°F) and immediately apply 200 + 25 Ib/in? for 20 + 1 min. Remove the sample from the 
press and allow to cool to room temperature. Weigh the specimen to the nearest 0.005 g 
and then remove a circular section 3.192 + 0.010 in in diameter from the center of the 
sample by using a steel-rule die. The circular section should be weighed to the nearest 
0.005 g, and the percent of resin flow can be determined as follows: 


Posadamipanseny = total specimen weight =z (circular section weight) x 100 
total specimen weight 


11, Tack Time Tack time is the amount of time the resin is in a liquid state during the 
multilayer pressing cycle. It is during the liquid state that the resin flows and bonds to 
make the uniform multilayer package. Thus resin flow, percent resin, and tack time 
combine to determine the final characteristics of the properly designed multilayer circuit 
board. To measure tack time, a strip of prepreg approximately 1 x 10 in is wrapped around 
one end of a common tongue depresser. A second tongue depresser is used to secure the 
end of the prepreg by positioning it over the first tongue depresser and fastening the two 
together. Next, press the prepreg firmly against a heated steel platen maintained at the 
temperature of 171 + 1.5°C (340 + 2.7°F) and simultaneously note the time. At 10-5 
intervals lift the specimen from the platen for 1 s and observe the resin for the presence of 
stringiness, As the resin approaches the gel point, it will become increasingly tacky until it 
begins to string. When the distinct continuous stringing occurs between the prepreg and 
the heated platen, the time should be noted and the elapsed time recorded as tack time. 


12. Cured Thickness Prepreg can be tested for cured thickness in the following manner. 
Cut two squares of material 12 x 12 in and place one on top of the other between two caul 
plates. Cure in a preheated press at 170 + 2.8°C (340 + 5°F) for a minimum of 30 min at 
200 + 5 Ib/in*. Remove the material and cool to room temperature. Cut off the outer | in of 
the sample specimen. Determine the final press thickness by averaging four micrometer 
teadings taken from % to 1 in from the edge of the sample and divide by 2 to obtain the 
thickness per ply. 


13. Visual Inspection of Prepreg It is important to inspect prepreg visually on incoming 
inspection. The following visual inspection standards should be applied to incoming 
Prepreg inspection: 
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a, Sheet Form 

1 Imbedded dirt or stain. No more than one per ft? if less than 0.010 in. None over 
0.010 in allowed. 

2 Loose dirt. Essentially free of loose dirt. 

3 Handling creases. No more than two not exceeding 2 in, no more than one not 
emaeding 4 in, and none exceeding 4 in allowed in 1 ft*. No broken strands of fibers 
allowed. 

4 Cut edges. Frayed ends not to exceed 0.125 in. 

5 Loose or missing strings. No more than one missing or loose string in 1 2, 

6 Splices. No splices allowed. 

7 Cuts or tears, No cuts or tears allowed. 

8 Holes in material. None over 0.062 in in diameter allowed. 

9 Knots. Knots caused by wadded thread are not allowed. 

10 Resin. Resin must appear uniform over the entire sheet. (No screen-door effect.) 

b. Roll Form All of the standards for the sheet form apply except for the following: 

1 Handling creases. A crease 1 ft long is allowed. 

2 Splices. Five splices in a 100-ft roll are allowed. 


TABLE 21.2 Designation of Clad and Prepreg Multilayer Materials 


Military 
NEMA designation Resin 
grade MIL-P-55617A system —_—_—Base Color Description 


G-10 GE Epoxy Glass Translucent General purpose 
green or 
white 

FR4 GF Epoxy Glass Translucent Epoxy-glass with 
selfextinguishing 
resin system gener 
ally used for both G- 
10 and FR-4 q 
applications 

Polyimide Polyimide Polyimide glass has a 
high continuous 
operating tempera~ 
ture with high prop- 
erty retention at 
temperature; partio- 
ularly attractive for 
multilayer applica 
tions because of its 
low = or axile 
dimensional 
expansion 


SPECIAL CONCERNS FOR MULTILAYER MATERIALS 


Listed in this section are the unique characteristics of multilayer materials. Consult Chap. 
2 on standard laminates for all other properties. The materials to be discussed are given in 
Table 21,2. The most common method of designating clad multilayer materials is 
described in MIL-P-55617A. 


TABLE 21.3 Thickness Tol 


Thickness of base laminate, in 


0,001 to 0.0045 
0.0046 to 0.006 
0.0061 to 0.012 
0.013 to 0.020 
0.021 to 0.030 
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TL— GE 0025 Cc 


f 


Composite Base — Nominal Foil Nominal Grade of Class of 
material material thickness material foil pitsand thickness 
thickness dents _ tolerance 
The method used in designating prepreg and B-stage materials is described in MIL-G- 
556368. 
PC- GE 0043 tf oi 55 
Prepreg Resin Nominalcured Class of Grade of Nominal resin 
material material thickness resin flow tack time content 


44, Mechanical Properties of Clad Multilayer Laminates 

a. Thickness Tolerance. Nominal thickness and tolerance of base laminate less the foil 
are specified in Table 21.3. At least 90 percent of the area of the sheet should be within 
the tolerance given, and at no point should the thickness tolerance vary from the nominal 
by a value greater than 125 percent of the specified tolerance, Table 21,3 is commonly 
used throughout the industry; it is taken from MIL-P-55617A. Class 1 is standard toler- 
ance, and class 2 is close tolerance as defined in the specification. 


TABLE 21.4 Peel Strengths of Multilayer Laminates 
__Condition A" Condition E*, 1/125 
Material ___ low 20% loz Qoz 


6 8 5 6 
6 8 5 6 
6 


8 6 8 
10 12 9 10 


“Condition A means the material as received and with no special conditioning. Condition E means 
after a temperature conditioning of 1 h at 125°C. 


b. Peel Strength. Table 21.4 lists typical peel strengths both in room temperature 
conditions and in elevated temperatures. Since postcure of polyimide laminate signifi- 
cantly affects the peel, postcure peel strengths also are included, 

c. Dimensional Stability. The z-axis for coefficient of expansion of multilayer materials 
in the thickness dimension is a critical aspect of multilayer design and fabrication. Figure 
21.1 approximates the z-axis expansion over a wide temperature range. 
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O 20 40 60 80 100 120 140 160 180 200 220 
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Fig. 21.1. Axile, or z-axis coefficient of thermal expansion. 
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18. Electrical Properties of Multilayer Clad Materials 
a. Dielectric Strength. The electrical strength perpendicular to laminations, the average 
minimum volts per 0.001 in, is G-10, 750; FR-4, 750; polyimide glass, 750. | oO 33% RESIN 
b, Dielectric Constant. The dielectric constant of the final nmltilayer package varieg 30% RESIN 
with not only the thin materials but also with the resin content of the prepreg. Because the ea 25% RESIN 
dielectric constant of glass cloth is approximately 6.11 and the dielectric constant of epoxy 20% RESIN 
resin is approximately 3.45, the ratio of the two is the final dielectric constant. Figure 21.3 15% RESIN 
illustrates the effect on dielectric constant as the resin content of the multilayer package: 
varied. 


_——— 


V/MIL THICKNESS 


150 250 350 450 550 650 750 850 950 
PRESSING PRESSURE , PS! 
Electrical strength vs. percent of-resin retained between runners at various pressing 


— 52 % RESIN = 4, TABLE 21.5 Solder Blis! Pickup 
Condition ‘Time, s, to blister at 500°F 


3.90 1. Initial 
‘ After 1 wk at 72°F, 35% RH 
After 2 wk at 72°F, 35% RH 
3.50 After 3 wk at 72°F, 35% RH 
2, Initial 
After 4 wk in a desiccator 
3.10 — After 4 wk at 72°F, 20% RH 
0 10 20 30 40 50 60 70 8 90 100 After 4 wk at 72°F, 90% RH 
RESIN CONTENT, % BY WEIGHT 3 eas doer ee 
Fig. 21.2 Dielectric constant vs. resin content, FR-4 multilayer; glass « = 6.11, resin « = 3.45. ‘After 4 wk at 72°F, 50 % RH 
After 8 wk at 72°F, 50% RH 


¢. Voltage Breakdown vs. Resin Content. In finished multilayer boards the amount of} borer ee ae ae rr erice 


retained between opposing copper runners determines the voltage breakdown. M After 4 wk at 72°F, 50% RH + 6h at 110°C. 
manufacturers recommend that 30 percent resin be so retained, as in Fig, 21.3, and After 4 wk at 72°F, 50% RH + 16 h at 110°C 
electrical strength of 400 V/0.001 in thereby maintained. Figure 21.4 illustrates electrical 

strength ys, percent of resin retained between runners at various pressing pressures. 


DIELECTRIC CONSTANT AT 1 MHz 


LAMINATE TABLE 21.6 Epoxy Prepreg Properties 
GENERAL PROBLEMS ay 


16. Moisture Absorption Because of the g ro prepreg resin (wet) i content 
surface area of thin clad laminates, the author Glass cloth Cloth thickness thickness content ‘Typical maximum, 
35% RESIN eget recommends a bake cycle to drive out moisture style no. thickness, in nominal, in average, in range, geltime,s —% 
: before multilayer lamination and before the sok 7 3-0 
Fig. 21.3 Resin retention between der operation, Multilayer boards are much more j a 2 sie 
SapENAE coroptnimteet: hydroscopic than standard materials, and Table ’ r Y 20 03-05 
21.5 illustrates solder blister resistance at various” Y + 
degrees of humidity conditioning. A bake cycle of several hours can greatly increase x « 0.3-0.5 
solder blister resistance and thus the reliability of the finished multilayer board. 


03-05 


17. Properties of Prepreg Materials The following properties are typical of epoxy prepregs- r M 0.3-0.5 
Various manufacturers may vary the amount of resin flow and gel time in the particular x - F 

prepreg construction, but the most common properties used in multilayer packages ate 2 ; : ‘ gee 
given in Table 21.6. 
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18. Storage of Prepreg Materials Since all prepregs are subject to cure at increased 
temperature, they must be stored in a temperature and humidity environment that h 


known and controlled maximums. Recommendations vary from manufacturer to manufac. 


turer, but the following standards will apply in general. 

a, Epoxy Prepreg. The following apply at 50 percent relative humidity or less. 
1. Maximum time three months at room temperature (77°F). 
2, Maximum six months at refrigerator temperature (35°F). 
3. Indefinite at freezer temperature (10°F). 

b. Polyimide Prepreg 
1, Maximum three months at room temperature (77°F). 
2. Maximum six months at refrigerator temperature (35°F). 
3, Nine months freezer temperature (10°F). 

In addition to the above, ultraviolet light or excessive radiation may sometimes act as a 
catalytic environment for some prepregs. It is also essential to minimize moisture absorp- 
tion, so prepreg should be enclosed in a moistureproof container. The author further: 
suggests that, prior to pressing multilayer boards, prepreg be given a prebake cycle to 
drive out all moisture absorbed during the storage period. 
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MULTILAYER BOARD PROCESS DESCRIPTION 


Conductive material generally consists of thin layers of copper bonded to the dielectric 
material, though Kovar, nickel, and aluminum also are used. An appropriate circuit pattern 
is etched into each of the thin, solid layers of copper. Dielectric material exposed by 
etching is the fully cured C-stage glass-epoxy. Semicured sheets of glass-epoxy called B 
stage are used as the adhesive to bond etched circuit layers together. Bonding or 


22-4 


22-2 Multilayer Circuitry 


lamination is performed in presses through application of heat and pressure. Interconnec- 
tion between layers is performed by first drilling a hole which penetrates circuit features 
to be connected electrically. Following drilling, copper is electroplated into the holes to 
provide electrical continuity between the circuit features, and the board is contoured to 


final shape. 


Fabrication processes will vary among multilayer board (MLB) manufacturers, but the 
following steps provide an outline of a good basic process. The example includes steps 
required for a nickel-gold edge connector type of multilayer board, since that is a very 


common requirement. 
Process step 
1, Raw material inspection. 


. Shear G stage material into panel sizes. 


}. Material identification marking. 


. Drill racking holes in panel. 


. Extra material cure, 


. Registration pinholes. 


, Raw material inventory. 


8, Raw material inventory release. 


9. Material scrub. 


10. Apply photoresist. (Photoresist is 
available in both positive- and negative- 
acting polymerization types. This 
discussion considers only positive-acting 
resists—those which polymerize when 
exposed, Also, this discussion is limited to 
solvent-base film resists, though it is 
recognized that liquid resists and alkaline 
base film resists are commonly available 
and used by MLB fabricators). 


Description 


Check C-stage material samples for dimensional 
stability, copper peel strength, embedded for- 
eign particles, ete. 

Check B-stage material samples for resin low, 
resin content, gel time, volatile content, epoxy 
type, and glass weave type. 

Panel size should be based on several points of 
vi 


a, Minimum scrap from the standard raw mate- 
rial sheet size. 

b. Number of circuit images possible per panel 
size. 

c. Lamination fixture sizes available or desired. 
d, Raw material dimensional stal q 

e. Production volume of a given MLB. 

Once sheared, raw material is difficult to iden- 
tify for copper clad and dielectric thickness. 
Storage in marked bins is possible but presents: 
material control difficulties. A stamped code 
along a panel edge is recommended. d 
This is an optional step based on an individ 
facility’s material handling system. Hole toler- 
ances are not critical. 

Some raw material suppliers give their m 

a final cure bake after lamination. Baking at 
point by the MLB fabricator is an extra epoxy 
cure step which can improve dimensional sta- 
bility of the material. 

Registration system holes, or hole-and-slot com- 
binations, These features must be accurately 
located, since they directly affect circuit-to-cir 
cuit registration between layers of the MLB. 
‘Temporary holding area until all material 
required for an order has received the prior six 
steps. 

Material for a given order released in a com- 
plete package. 

Material is mechanically and/or chemically 
cleaned to remove 8, oxide conversion 
coatings, fingerprints, etc. from surface of 
panels. Surfaces must be clean and dry or pho- 
toresist will not adhere to the panel. 
Photoresist is applied to a panel surface so that 
an artwork circuit image may be transferred to 
the blank. That must be done in a controlled 
room for best results for several reasons. 

a. Photoresist is polymerized by light of a cet 
tain wavelength; therefore, lighting within the 
room must be selected to eliminate that particu- 
lar type of light source. 

b. Dust and dirt particles between the clean 
copper surface and the photoresist can result im 
etched-out circuit features in subsequent pro- 


11. Artwork image transfer. 


12. Develop artwork image. 


13. Etch inner circuit pattems. (This 
example is for a subtractive, or copper 
removal, process, An additive copper 
process would start with a bare dielectric 
panel. Exposed areas on the photoresist- 
coated inner circuits would be sensitized 
and plated with copper instead of etched.) 


14. Remove exposed photoresist. 


15, Inner circuit inspection. 


16, Scrub for lamination. NoTE: Some 
fabricators follow this step with a heavy 
oxide surface treatment to increase copper 
surface area and promote lamination bond 
strength, 


17. Bake prior to lamination. 


18, Shear B stage and punch registration 
Pinholes, i 
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cessing and the scrapping of that piece of mate- 
rial. Therefore, a clean, positive-pressure fil- 
tered-air environment is recommended for this 
step. 

An artwork tool is placed beneath a light source 
of the proper wavelength to polymerize the 
photoresist on the photoresist-coated panel, 
Clear areas in the artwork expose the photore- 
sist to light and that sets off a photo polymeriza- 
tion process within the photoresist. Exposed 
areas are resistant to etching, plating, and devel- 
oping chemicals, whereas the unexposed areas 
of photoresist may be easily dissolved and 
removed by a methyl chloroform (solvent base 
resist) developing solution and water spray 
rinse, Accurate, repeatable transfer of the image 
to the blank is provided by pins aligning regis- 
tation holes in the artwork with those in the 
blanks. Artwork should carry an image identifi- 
cation number which is transferred to a panel 
border area. 

Photoresist-coated and exposed blanks are 
developed by washing unexposed photoresist 
areas in a methyl chloroform (solvent-base 
resist) water-rinse system for removal. That 
exposes bare copper, which is etched from the 
buried, or inner, circuits of an MLB prior to 
lamination and plated on an external surface, or 
outer, circuit following lamination. 

All exposed copper is etched from the panel. 
NOTE: Area around the registration holes should 
always be coated with an etch resist to prevent 
etching of the copper. That maintains material 
strength and support for layer-to-layer circuit 
relations based on the registration holes. 


Photoresist has served its purpose and must be 
removed before lamination. 

Following etching, inspection should be made 
for etched outlines, (circuit opens), unetched 
areas (circuit shorts), and registration accuracy 
of circuit pattern to registration holes recom- 
mended. The above problems can require 
rework or be cause of scrap of inner panels, 
Copper and epoxy surfaces must be mechani- 
cally and/or chemically cleaned to remove con- 
tamination and roughen surfaces to promote 
adhesion during lamination, 


Water, solvents, and chemicals used in cleaning 
blanks must be baked out to prevent bond line 
voids and delamination during the lamination 
process. Circuit panels in this condition should 
be held in aclean controlled environment (50 
percent RH maximum) for not more than 8 h 
prior to lamination for best results. Also, they 
should be handled only by operators wearing 
clean protective gloves. 

B stage is sheared and punched to match the 
size of circuit panels being laminated. B stage 
should be stored in a cooler (50°F, 50 percent 
RH). Care and cleanliness in handling B stage is 
very important. Operators should handle B 
stage only when wearing clean white protective 
gloves. Placing B stage in a vacuum chamber 
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19. Lay up for lamination, See Fig, 22.1. 


will remove water vapor and volatiles 
entrapped during storage. 

Lamination is performed by using fixtures with 
registration pins to maintain circuit panel rela 
tions to one another. A typical lay-up consists of, 
a. Bottom lamination fixture. 

b. Sheet of release material. 

c. Bottom circuit panel (an unetched outer bot 
‘tom copper layer dielectric and etched innertop 
layer of copper). 7 
d. Three sheets of B stage. 

€. Inner circuit panel (double clad copper, 
etched both sides). i 

J. Three sheets of B stage. 


TOP LAMINATION FIXTURE. 


— RELEASE PAPER 


3 PIECES 


~~ TOP CIRCUIT 


8 Stace {§ 


—— ~— INNER CIRCUIT 


3 PIECES 
B STAGE: 


_-BOTTOM CIRCUIT 


7— RELEASE PAPER 


Sau FINS 
‘BOTTOM LAMINATION FIXTURE 


Fig, 22.1 Typical multilayer board lamination process lay-up. 


20, Lamination, 


21. Remove laminate from fixtures. 


22. Laminate trim, 


23, Mark identification number on 
laminated blank, 


24. Post-laminate bake. 
25. Drill plated-through holes. 


&. Top circuit panel—an etched inner (botto 
copper layer, dielectric, and unetched copper 
outer (top) layer. 

h. Sheet of release material. 

i, Top lamination fixture, 

Laminates may be multiple-stacked in the fix- 
tures during laminations. 

Application of heat and pressure to the laminate 
fixture package converts B-stage semicured 
material between etched circuits to fully ct 
C-stage epoxy. During the process, the z 
resin becomes a liquid adhesive which fills all 
etched circuit pattem voids and bonds the lay- 
ers together. 

Registration pins should be pushed out and the 
top lamination plate carefully removed. Care 
should be taken to prevent scratching or mar- 
ting surfaces of either laminate or lamination 
fixture. 

Shear excess epoxy flash from perimeter of lami- 
nate and drill any plugged racking holes. 
Identification numbers on internal etched cir- 
cuits are no longer accessible because of lami- 
nation. An extemal surface of the laminated 
panel should be marked with an identification 
number. 

Additional curing for laminate bond resin. 
Holes to be plated through are drilled in lami- 
nates. Laminates may be multiple-stacked dur 


27. Hole cleaning* (etchback). 


28, Plated-through-hole sensitization” 
(electroless copper). 


29. Serub for outer photoresist 
application. 


30. Apply photoresist. 
31. Artwork image transfer. 


32, Develop outer artwork image. 


33. Electroplate copper." 


34, Electroplate tin-lead.* 


Fabricating Multilayer Circuits 22-5 


ing drilling depending on the relations of drill 
hole size to circuit feature and the overall panel 
thickness. 

Laminates are hand-sanded or run through a 
deburring machine to remove drilling burrs. 
Particles left by deburring must be removed by. 
pressurized air or water rinse. Do not use an air 
source which may contain oil particles. 

‘Vapor honing of holes or chemical cleaning with 
concentrated sulfuric acid dip can be used to 
remove epoxy smear from inner circuit layers 
exposed during drilling. Etchback consists of 
multiple chemical processing steps to include 
hydrofluoric acid for removal of exposed glass 
fiber ends plus epoxy removal with concen- 
trated sulfuric acid, Rinse and bake to neutralize 
and drive off retained solutions in panels fol- 
lowing these processes. Registration pinholes 
must be protected from these solutions to pre- 
vent enlargement and inaccuracy, 

‘This step consists of a series of chemical clean- 
ing steps, rinses, and a sensitizing catalyst bath 
followed by an electroless copper bath. The 
sensitizing catalyst activates the exposed epoxy 
surfaces within the drilled holes to promote 
adhesion of the electroless copper plating. Elec- 
troless copper is plated to a thickness of 10 to 20 
xin, At this point the panel is electroplated with 
copper to build up plating in the hole to a typi- 
cal 0.0002- to 0,0005-in thickness. 

Mechanical and/or chemical cleaning of copper 
surface to promote adhesion of photoresist. 
Same process as step 9. Masking over registra- 
tion pinholes should be removed before 
scrubbing, 

This repeats step 10. 

This repeats step 11. The artwork can be either 
aclear image or a black image depending on 
whether the panel has been electroplated fol- 
lowing electroless copper. 

‘This repeats step 12, except that the exposed 
copper is the final board circuit pattern and will 
be plated up to final thickness rather than 
etched, 

‘This step consists of a series of chemical clean- 
ing steps and rinses followed by the electroplat- 
ing bath. During the electroplating step, a low 
de voltage is applied between copper anodes in 
the plating bath and the panels, which function 
as cathodes. The panels are mounted in racks 
with electrical connections to the cathode to 
form the circuit. The applied current must be 
compatible with the amount of exposed cireui- 
try to be plated. Current densities in the range 
of 10 to 40 A/ft of exposed copper area are 
common. Copper-plated thickness is usually 
0.001 in minimum inside the plated hole. 
Tin-lead is the most common surface overplate 
employed on MLBs. Following copper electro- 
plating, boards are routinely rinsed and cleaned 
prior to going into the tin-lead bath, Tin-lead is 
electroplated in a manner similar to copper in 
step 33. Tin-lead plating thickness will vary, 
with specific board requirements, from 0.0003 
to 0.0015 in, 
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35, Strip photoresist. Photoresist has served its purpose as a plating 
mask and must be removed to permit etching ¢ 
the bare copper. 

36. Etch copper. Exposed copper must be removed to leave on 
the tin-lead-plated outer MLB surface cireuit 
pattern. Tin-lead plating acts as an etch resist. 

37. Mask circuit board for edge connector Chemically resistant plating tape applied with 

plating* pressure from rubber backup rollers is com- 

monly used to provide masking of cireuitry 
above the edge connector fingers. Tape must 
prevent stripping and plating solutions from 
wicking up along circuit traces. 

38. Strip tin-lead. Tin-lead plating must be removed from the 
edge connector pattern to expose bare copper, 

39. Plate nickel-gold on edge connector Nickel is commonly used as a wear-resistant 

finger pattern." base for the gold overplate in connector pat- 

tems. Plating follows preparatory clean and 
rinse steps. A separate plating line for this pro- 
cess is common. The gold-plating tank should _ 
be surrounded with a backup tank to catch the 
expensive gold solution in the event of primary 
tank rupture and to comply with the Occupa- 
tional Safety and Health Act (OSHA) 
regulations. 

Physically remove the plating tape. Any resid- 

ual adhesive may be removed by a solvent cle 

and rinse. 

. Reflow tin-lead. lead reflow is a step which reduces the 
microscopic surface area of electroplated tin- 
lead so that less surface oxidation can occur. 
Reflow is accomplished by fluxing, preheating, 
and dipping panels in a hot-oil (450° F) bath or 
exposing them to infrared heat. The heating 
actually causes melting of the tin-lead. 

. Serub after reflow. Solder flux and oil particles must be removed by 
a thorough scrub and rinse cycle. 

Most MLBs have holes in which plating is 

undesirable. This drilling operation must be 

performed with care to prevent marring the sur 
face cirenitry. 

Cutting individual boards from the panel is usu- 

ally done in a milling machine rather than a 

punching operation to minimize the possibility 

of delamination of a completed board. 

. Marking boards. Ata minimum, MLBs get an ink-stamped serial 
number. In many cases, silk-screened identifi- 
cation of holes and features on the board also is 
required. 

|. Final inspection, Inspection can include any or all of the 
following: 

. Visual defect inspection. 
b. Dimensional inspection. 


. Remove plating tape. 


. Drill nonplated through holes, 


. Contour board to final shape. 


iS 
d. Cross section of a coupon or test hole from 
the panel to check plating thickness. 


“During these steps, panels must be mounted in racks. 


The sequence of these fabrication steps will vary somewhat among fabricators, but the 
greatest difference will be in the equipment and facilities used in MLB production. 


1. Circuit Registration System Circuit registration is the common denominator to all steps 
in any particular MLB fabrication facility. Each layer of an MLB must be located as 
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accurately as possible in relation to all other layers. Otherwise, during drilling, an out-of- 
Jocation feature can be improperly attached to a plated-through hole, which will cause an 
jnternal short or multiple internal shorts and a scrap MLB. Registration accuracy does not 
include the processing effects of photoresist exposure, material dimensional stability, 
etching, and copper thicknesses or machine accuracy from drilling, ete. 
Registration system accuracy is the tolerance variable between alignment pins and 
holes on machines using or generating those features. 
It is important that the registration system be carefully considered because: 
1. It is additive to processing variables and overall fabrication accuracy. 
2. It can be handled with accuracy and consistency from machine to machine. 
3. If it is not considered properly at an early stage of setting up a facility, it becomes 
increasingly difficult to change because of the many specialty tools and fixtures which are 
generated. 


How accurate is “as accurate as possible” circuit registration fora good MLB fabricator? 
An overall registration system accuracy of less than +0.002 in is achievable and desirable. 


2. Lamination Lamination is the first MLB process step in which process errors cause 
scrapping more than an individual item of material plus labor. Special material and 
process control will pay off in reduced scrap. Whether the material considered is glass- 
base epoxy, polyimide, or Teflon,* rigid cleanliness precautions are mandatory. 

a. Cleanliness Precaution. Circuit laminates should be scrubbed and baked to drive out 
solvents and moisture prior to lamination. Lamination bonding material (B stage) should 
be stored in a chamber with controlled temperature (50°F) and humidity (50 percent RH 
maximum). Prior to lamination, the material should be placed in a vacuum chamber to 
remove any excess volatile matter. Both B and C stage should be handled only by 
operators wearing clean gloves to prevent fingerprinting and oil smudges prior to lamina- 
tion. Cutting sheets of B stage to size in preparation for lamination should take place in a 
clean, dustfree room. The room should contain a filtered positive-pressure air supply to 
keep dirt particles out and also a controlled temperature and relative humidity (72°F and 
50 percent RH maximum). 

b. Laminate Scrubbing. MLB laminates are subject to three scrub operations prior to: 

1. Inner laminate photoresist lamination 
2. Lamination 
3. Outer circuit photoresist lamination 

‘The first and last scrub operations are important in that a good photoresist bond to the 
copper surface is essential for image transfer and chemical solution resistance. However, 
the scrub prior to lamination is critical to a successful interlaminate bond. 

Cleaning is performed by mechanical scrubbing and chemical treatment means with 
equipment ranging from hand-brush-hand-dip operations to sophisticated conveyorized 
machines. The purpose of cleaning is to remove surface contaminants, burrs, or protective 
coatings from the copper. Presence of those items detracts from laminate bond quality. 
Physical work is usually required to remove the contaminants, and cleaning is therefore 
commonly a combination of mechanical scrubbing followed by chemical cleaning and is 
practically never done exclusively by chemical means. Rotary brushes with a pumice and 
water slurry and a water rinse followed by a 10 percent HC solution dip is probably the 
most widely used scrubbing process. Proprietary abrasive brushes with water flush also 
are used successfully, 

c. Material Testing. It is important to check B-stage lotst in the facilities lamination 
presses. Three to six pieces of B stage should be used in the standard facility lay-up (Fig. 
22.2), to make a series of test laminates. 

For two-stage press cycles, the application of high pressure should be varied for several 
laminates, starting with a 2-min low-pressure cycle and increasing the time until high 
pressure is applied in 2-min increments. If possible, the B-stage resin temperature should 
be monitored at the time of high-pressure application with a thermocouple inserted into 
the edge of the bond line. 

Sample laminates will range from resin-starving due to too early an application of 


“Registered trademark, E. 1. duPont de Nemours & Company. 
+See Glossary. 
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pressure (low-viscosity resin and high resin flow) to trapped air bubble conditions due to 
too late an application of high pressure (high-viscosity resin and inadequate resin flow). 
Select a time or, preferably, a B-stage temperature which yields the best visual quality 
laminate as the operating point for that particular lot of B stage. 

For single-stage press cycles, a similar procedure may be used but with different 
variables. If initial B-stage sample laminates contain air bubbles, increase the platen 
preheat temperature by some amount (20°, but not greater than the laminating tempera- 
ture of 350°F). If excessive resin starvation occurs, start adding one sheet of cardboard to 
each side of the lamination fixtures (or reduce the platen preheat temperature) until 
sample laminates are of uniform thickness and good visual appearance. Good visual 
appearance means a resin flash approximately 1% to 3 in wide around the perimeter of the 
sample, no exposed glass bundles, no voids or bubbles, and a smooth glossy surface 


appearance, 
PRESS PLATEN 
1 PIECE OF 0.02-IN 


SHEET THICK CARDBOARD 


RELEASE 
PAPER \ 


B STAGE { ——— 


(SHEET / 
RELEASE. 


PER 
i 1 PIECE OF 0.02-IN 


PRESS PLATEN THICK CARDBOARD 


Fig. 22.2 Typical lamination press lay-up to check B stage. 


0.25- IN THICK STEEL 
LAMINATION FIXTURE 


3, Lamination Fixtures Lamination fixtures are most commonly made of steel, since steel 
approximates the thermal expansion rate of glass-copper-epoxy resin composite materials 
below the glass transition temperature* (approximately 270°F). The lamination fixture 


must contain at least two registration pins to align the MLB circuit laminates, Special — 


MLBs of many thin dielectric layers may require layer-to-layer registration aid through 
the use of multiple-pin lamination fixtures. Multiple-pin fixtures contain holes about the 
periphery of a blank spaced at 3 to 5 in. Circuit laminates and B stage must have a similar 
hole pattern so that a series of close-fitting pins can be inserted to prevent movement of 
circuits during lamination. 

Lamination fixture surface imperfections are transferred to the laminate in the lamina- 
tion process. Scratches, dents, or raised areas produce the opposite contour on the 
laminate, The surface irregularities can cause poor resist adhesion and excess copper 


(shorts) or etched-out conditions (broken circuit lines) on the MLB outer circuit pattern. 

Lamination fixtures must also be flat (within 0.001 in/in of length or better is recom- 
mended). Out-of-flat lamination fixtures produce nonuniform pressure on the laminate 
and cause nonuniform thickness laminates or possibly a movement of internal circuit 
feature locations. 


DRILLING PLATED-THROUGH HOLES 


Drilling holes in the composite epoxy-glass copper material primarily used for MLB 
fabrication is an area which contains as many as or more identifiable variables than any 
other process step. Drill machine technology has progressed rapidly with the use of 
MLBs. MLBs are interconnect systems which rely on the drilled, plated-through hole as 
the means of making a connection between circuit layers. To produce the vast number of 
holes required, drill machine capacity has been improved in several areas: 


1 Hole production rate. Table travel speeds of over 200 in/min and spindle speeds of 
over 80,000 rev/min allow hole production rates of 200 to 300 holes/min. 


*See Glossary. 
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2 Hole accuracy. Along with increased hole production rates, hole location accuracy 
tolerance is of the order of +0.001 in or better. 

3. Drill machine control system. Computer control, numerical control tapes, and 
combinations of the two drill table control modes offer a wide range of flexibility and 
automation to the hole-drilling operation. 

Hole-drilling capability is judged for the most part in four areas described below. 
Following the descriptions are some cause-and-effect relations. 


4, Common Drilling Problems 
a. Epoxy Smear. Drilling generates, on the drill face surfaces, local temperatures which 
can melt the epoxy resin. Good drilling minimizes the effect through a satisfactory 
combination of feed rate, drill speed, and drill configuration. Poor drilling through a 
different combination of the same parameters may leave a thin coating of epoxy across the 
face of each internal copper feature penetrated, The epoxy is an insulator, and if not 
removed, it will insulate hole plating from intemal MLB circuitry. The result will be an 
‘open connection and a cause for a scrap 
board. 

Epoxy smear can also be caused by 
only partially cured B stage in the bond 
line. A postbake following lamination is 
good insurance against this cause of 
epoxy smear. 

b. Burs. Burrs can occur on top and 
bottom of the MLB. Burrs are usually 
caused by (1) dull drills, (2) poor backup 
material, (3) inadequate pressure foot on 
the drill machine, or (4) the wrong speed _ A = DRILL POINT 
and feed combination on the drill. ANGLE 

c. Hole Quality or Appearance, Hole 8 = HELIX ANGLE 
quality refers to the straightness of the — ¢ = DRILL CUTTING EDGE. 
sides of drilled hole walls. It is a function Fig. 22.3. Typical drill point, 
of drill feed and speed as the drill bit 
does the work of penetrating, cutting, and removing material from the hole. 

d. Nail Heads. Nail heading refers to an effect drilling sometimes produces on internal 
layers of copper. Copper planes will be widened to twice normal thickness and acquire 
the appearance of a nail, Drill sharpness, feed and speed rate, material physical proper- 
ties, and drill point configuration can contribute to nail heading during drilling. Nail 
heads can also be produced by drills which hit the edge of a circuit feature. 

Reasons for these problem areas overlap so much that some discussion of how the 
problem is caused plus some recommended conditions are in order. 


5. Causes and Mechanisms of Drilling Problems Among the problems most frequently 
described above is proper feed and speed rate. 

@. Drill Feeds and Speeds. Drilling is a material cutting and removal process. Feed and 
speed should be matched to (1) minimize drill bit contact with the material and (2) allow 
cutting rather than extrusion of the material to take place. Copper is a soft material which 
has poor machining qualities. Rather than cut and form chips cleanly, it tends to smear at 
the tool cutting edge and to generate friction heat. The same situation occurs during 
drilling. Drill bit shape also enters into consideration here. A good rule of thumb for drill 
feeds and speeds is to use a combination which will penetrate a 0.002-in-thick copper 
layer in one drill revolution. Faster than that resembles a punching operation (which also 
can reduce drill life), and slower causes excessive heat buildup in the operation. Drill 
speeds above 50,000 rpm are readily available on new drill machines and generally yield 
straighter hole walls. Straight sidewalls present less possibility of entrapped gas bubbles 
and plating voids in holes during the plating process. 

4. Drill Shape. Drill helix and point angles (including angle) are available in an almost 
infinite variety of combinations. Helix angles vary from 20 to 50° and point angles from 60 
to 130° (Figure 22.3). 

With so many variables it is difficult to make general statements, but some basic 
principles may be discussed. During drilling, work performed at the tip of the drill is 
mostly extrusion of material. Material cutting becomes more efficient along the tool 
cutting edge as full drill diameter is approached. Tool heat causes epoxy to melt and 
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smear. Drill energy is converted to heat, which has three places to be dissipated: (1) d 
bit, (2) workpiece, and (3) chip. Since drilling generates heat which can cause epox, 
smear, one method of reducing heat buildup is to remove the drill chip load as rapidly 
possible. A faster (20 rather than 50°) helix angle will provide faster chip removal. 
too far at the cutting edge, however, the helix angle effectively becomes the rake an 
(Fig, 22.4), A larger rake angle, co 
sponding to a slow helix angle, creati 
larger material plastic zone, wl 
erates more heat in the drilling o 
tion. A helix angle of about 30° is a good 
compromise between a minimal plastic 
zone and quick chip removal. The 
importance of quick chip removal 
be seen in Fig. 22.5, which shows up 
70 percent of drilling heat located in 
chip. 7 
Drill point angles of 118° are co 
monly used with good results. W 
softer materials are drilled, a she 
point will provide a higher ratio of cut. 
ting edge to compressive downthrust 6 
the material which is being cut by the drill. That should result in less copper extrusion. 

¢. Drill Sharpness and Sharpening, Drill sharpening is routinely performed to extend the 
life of solid carbide drills. Important aspects of drill sharpening are: 

1, Straight uniform cutting edge; no nicks (Fig. 22.6). 

2, Sharp end of cutting edge; no nicks or grinding marks (Fig. 22.6). 
3, Surface finish of cutting edge; highly polished to reduce friction. 
4. Flute relief angle of 7 to 12°, 

d, Drill Life. Drill life is sometimes defined in terms of holes drilled. Heat has b 
shown to have the greatest effect on drill life (Fig. 22.7). The exact source of heat is no 
universally agreed upon. Neither copper nor glass fiber cuts easily. 

Operators can generally get an indication of wornout drills by the amount of suri 
burr raised. Drills which have penetrated 10,000 oz of copper are usually ready fi 
resharpening. Considering an average MLB to contain at least 10 oz of copper, aver 
drill life is no more than 1000 holes between sharpenings. 

Carbide drills are fragile and must be handled carefully, but they stand up much be' 
than high-speed steel drills to the wear and heat problems associated with drilling M) 

Backup Material, Backup material should, for best results, be the same as the mate 
being drilled. That minimizes the tool wear on the tip, transition vibration wear on th 
drill, and drag-back of different material into the drilled hole. 


WORK PIECE 


Fig. 22.4 Drill bit, section view. 


HEAT IN CHIPS 


% OF TOTAL HEAT 
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DRILL SPEED SURFACE, FT/MIN 
Fig. 22.5 Drilling heat distribution.’ 


Fabricating Multilayer Circuits 22-11 


{f. Drill Spindle Pressure Feet. During drilling, the workpiece must be clamped securely 
to the drill table close to where the hole is being drilled. That function is performed by a 

of the drill machine. Lack of the function causes severe drilling burrs, drill breakage, 
End even delamination of surface copper on the MLB. 


6. Drilling Equipment Highly sophisticated drill machines are available. Some noteworthy 
features offered by these machines are: 
1. Mechanical drill feed mechanisms to provide variable entry feed and extraction 
rate profiles. 
2. Drilling speeds up to 90,000 rpm. 
Drilling rates per spindle of over 300 holes/min. 
Digitizing auxiliary units to make tapes from artwork. 
Computer memory for storing a repeated hole pattern. 
Computer memory for rotating stored hole patterns. 
Drill table sizes capable of drilling 24- and 36-in board sizes. 
. Drilled hole location accuracy of better than +0.001 in, 
. High unit pressure feet close to the drill. 

Drilled hole equipment technology has advanced very rapidly. Drilled hole sizes 
below 0.013-in diameter become very 
difficult owing to reduced strength in 
the drill for protection against handling, 
vibration, transition from one material 
to another, etc. However, circuit feature 
size reduction is always attractive to 
designers if fabricators can provide the 


PRAM MP wo 


MUST HAVE SHARP CORNER, 


OUTSIDE END OF CUTTING EDGE- 
aS TYPICAL 2 PLACES 


method. 
7. Deburring Following drilling, holes CUTTING EDGE— 
are mechanically deburred on both top ae. 


and bottom surfaces. Deburring is per- 
formed manually with orbital type hand 
sanders and fine (400- to 600-grit) sand- 
paper or in special machines. Machines 
most frequently use composition abra- 
sive brushes operated either wet or dry. Rotational and endwise oscillatory motion is used 
to perform deburring on all 360° of hole circumference. Residue from the operation is 
flushed from the board with water or an air knife system. 


1000 ee 


100. 


GRINDING MARKS, 


Fig. 22.6 End view of drill. 


DRILL LIFE, IN OF MATERIAL 
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Fig. 22.7 Effect of temperature on drill life* 
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8. Plated-through-Hole Cleaning Plated-through-hole cleaning is a preparatory 
metalizing the internal surfaces of a dette | hole. The internal oe can pee 
numerous particles and imperfections plus epoxy smear which must be removed ‘to. 
provide good plating adhesion between the epoxy, glass, and copper constituents of a. 
drilled hole. Particles—as well as controlled amounts of the hole constituents—can be. 
removed by chemical or mechanical processes. 

a. Mechanical Hole Cleaning. Mechanical hole cleaning is preferred by some MLB 
fabricators because no strong chemicals are used in the process. It consists of manual or 
conyeyorized vapor honing equipment. High-pressure jets of water and pumice slurry are 
oscillated across the surface of a blank to, in effect, deburr the inside of each hole. The 
vapor blast is followed by a water rinse and air knife drying cycle. It is successfully used _ 
by a number of companies fabricating MLBs. Fewer operational precautions are involved 
than with chemical cleaning. 

b, Chemical Hole Cleaning. Three categories of chemical hole cleaning are (1) s 
removal, (2) chemical cleaning, and (3) etchback. They remove respectively more material 
from the drilled hole. The amount of material removed by each process is in the following - 
ranges: 

1 Smear remoyal. Concentrated (greater than 90 percent concentration) sulfuric acid 
bath to remove epoxy in the range of 0- to 0.0003-in material. 4 

2 Chemical-clean. Concentrated sulfuric acid bath to remove 0.0003- to 0.001 
material. 

3 Etchback, Concentrated sulfuric acid bath to remove epoxy followed by concen- 
trated hydrofluoric acid to etch back exposed glass fibers. Dip cycles can be varied and 
repeated to provide material removal in the range of 0.001 to 0,003 in. Chemical etchbael 
is a hazardous process but is commonly used with good results. A bake cycle followin 
etchback is recommended to drive out any retained solution: 

Chemical etchback installation requires positive ventilation and protective clothing to 
be worn by operators. 

¢, Plated-through Holes. Plated-through holes perform the interconnect function whi 
makes an MLB such a useful design tool. At the start of the process, drilled holes 
between discrete circuit layers. Upon completion of a relatively short processing cycle, 
thousands of permanent electrical interconnections are formed to provide ele 
continuity throughout the MLB. 


ELECTROLESS PLATING 


Electroless plating is a process whereby sites on the surface of a nonconductive material | 

are “sensitized and activated” so that metal ions (copper in this instance) will plate o1 

and form a conductive metal coating over the previously nonconductive material. Sensi- 

tizing and activating functions have been combined into a single catalyst solution which is 

available from all major chemical suppliers, as is the electroless copper bath itself. 
Some typical problems and causes related to electroless plating are as follows: 


9. Typical Problems 


3. Voids in plated- 
through holes 


b. Drill feed rate too great 


ce. Poor deburring and 
hole-cleaning operation 

a. Poor cleaning and rins- 
ing; surface of G-10 doesn’t 
get sensitized 

b. Depleted plating 
solution 


b. Use deburring machine 
with multiple direction action 
and air knife 


a. Use agitation with clean 
and rinse steps 


b. Use heated cleaning and 
rinse solutions 


Problem 
1. No copper in hole 


2. Burrs in holes 


Potential Causes 


a, Skipped plating 
operation 


b. Depleted anodes 


¢. Intermittent rectifier 
‘operation 

d. Depleted plating 
solution 

e. Oil in holes from agita- 
tion air supply 

a, Dull deills 


Potential Solutions 


a. Analyze baths regularly; 
maintain limits recommended 
by chemical suppliers 

b. Check and replace anodes 
regularly when surface area 
drops below approximately 40 
percent of original anode. 

c. Section boards daily to 
check plating results. 

d. Replenish solution 


. Use turbine air source 


a. Limit drills to 10,000 oz of 
copper 


c. Rough drilling traps gas ¢. Use sharp drills 

40. Outer Circuit Preparation At this point the MLB is totally covered with electroless 
copper followed by a thin (approximately 0.0002- to 0.0005-in) coating of electroplated 
copper. The fabricator has the option of electroplating the entire copper thickness 
(typically 0.001-in-thick in holes) prior to defining the outer surface pattern. That would 


TIN-LEAD CIRCUIT 
PATTERN 


PATTERN 
PLATED 


10Z. SURFACE COPPER 


Fig. 22.8 Reduction of circuit lines: pattem vs. panel-plated copper process (positive resist), Line 
width remaining, Ws, is narrower than W, by twice the thickness of the panel-plated copper, 


be called panel-plating. One reason for not doing it is copper anode cost; another is 
finished line width reduction during etching (Fig. 22.8). 

The outer circuit pattern is defined by “black line” artwork, Protected areas of resist are 
developed away to reveal the surface circuitry and plated-through-hole pattern. Electro- 
plated copper will be deposited on the exposed circuitry pattern and in the holes to a 
typical thickness of 0.001 in minimum on the hole walls, Following copper plating the 
panel will immediately be plated with tin-lead, which makes the circuit solderable and 
also acts as an etch resist. 


ELECTROPLATING 


In order to plate to a given thickness, it is desirable to know plating deposition rates at 
various plating current densities. The rates can be measured, as a plating aid, for all 
copper and electroplating baths. Surface plating area plus internal plated-hole circumfer- 
ential area must also be known to select an appropriate current density and plating time. 


11. Electroplating Problems Electroplating processes have many potential problem areas, 
Some common problems and their solutions are the following: 


Problem Cause Solution 


a, High current density a. Shield edges of blank 
on isolated surface fea- during plating to move 
tures will plate very thick current field lines in plat- 

ing bath 

b. Add artificial surface 
features just outside board 
surface pattern to distrib- 
ute plating current 
density 


1. Nonuniform plating 
thickness over panel 


2. Cracks between a, Excessive bright- a. Carbon-filter to 
hole barrel and surface ness in copper bath reduce brightness levels 


copper plating 
b, Routinely check 
plated copper tensile 
strength and ductility 
3. Epoxy smear a. Drill feed rate too a. Drill feed rate should 
slow is C0018 in/rev of 
rl 
b. Dull drills b. Replace drills after 
10,000 oz of copper drilled 
¢, Etchback solution c. Replace etchback 
not functioning properly bath 
4, Nodular plating a. Excessive plating a, Use 40 A/F max plate 
current ing current 
b. Poor cleaning, drill- b. Use agitation and 
ing sanding; particles in heated cleaning solutions 
oles 
¢. Particles in plating 
bath 
5. Debris in holes a. Poor cleaning after a. Use air blast after 
drilling; plating to chips drilling to clean holes 
b. Copper peeling b. Use agitation and 
from dielectric; poor heated cleaning solutions 
cleaning and no sensitiz~ 
ing of basic material 
¢. Dirty plating bath 


c. Filter plating bath 


c. Use adequate nume 
ber of rinses 

d. Perform regular 
internal filtering of copper 
plating baths 


INSPECTION OF MULTILAYER BOARDS 


Inspection requirements for MLBs vary with customers primarily along military vs. 
individual company procurement specification lines. 

Military MLB inspection requirements are defined in Mil-P-55640 and its revisions. _ 
Individual company requirements can be most anything, depending on the application, 
Excluding environmental testing, inspection is commonly performed in five categories to. 
monitor and evaluate MLB quality: 

1, In-process inspections 

2. Completed MLB visual inspection 

3. Completed MLB dimensional inspection 
4, Coupon sample evaluation 

5. Completed MLB electrical inspection 

The first three of these inspections are routinely performed by the fabricator as part of 
the operation cost. The latter two items are usually negotiated items depending on 
fabricator’s capability and buyer’s requirements. 


12. In-process Inspection In-process inspection is essential to MLB production. Since 
errors are not usually reworkable, inspection points should be established to minimize 
Beep oes and also to be used as an indicator of process control. Typical inspection points 
include: 

1. Artwork tool damage and accuracy check. 

2. Visual check of photoresist lamination for wrinkles or foreign particles. 

3. Visual scan after photoresist develop for areas of poor image transfer or deposits of 
solid photoresist on the pattern during develop cycle. 

4. Insure registration hole to circuit pattern location after stripping photoresists from 
etched circuits. Check for shorts (poor etch), broken lines, and foreign particle inclusion in 
raw material dielectric. Electrical inspection for opens and shorts in the circuit pattem 
may also be performed at this point. 

5. Check after hole cleaning for debris in holes and off-location inner circuits. 
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6. Check during plating for plating thickness by inspecting buildup in plated- 
through holes with plug gauges. 

7. Check plating adhesion after plating by using tape test. 

8. Inspect blanks after outer circuit etching for lamination defects. 


43. Completed Visual Inspection The multilayer board is inspected at this time for imper- 
fections on the outer circuit pattem such as reduced line width, etched-out spots in the 
tin-lead plating, peeled plating, foreign particles, inclusion in the laminate, lamination 
flaws, shorted circuit features, and spots of copper remaining on the MLB surface. 
Inspections is typically performed by using low-power (5 to 10x) magnifying glasses or 
with closed-circuit television scanners. 

Rework is rarely possible at this point, but in some cases, flaws have little if any 
functional impact on MLB usage and are acceptable. 

a. Completed MLB Dimensional Inspection. Multilayer boards are inspected for outline 
dimension, thickness, hole size, and flatness. 

b. Coupon Sample Evaluation. Coupons, when used, are test patterns located singly or in 
multiples on every layer of an MLB. They are used to inspect plating thickness, dielectric 
thickness, plated-through-hole quality, drilling quality, layer-to-layer registration, and 
thermal shock resistance of the MLB. These characteristics are inspected by mounting a 
segment of the coupon in clear plastic. Plastic and board segment are progressively 
sanded and polished to section one or more holes along their centerlines. High-powered 
microscopic (200 to 400x) inspection allows measurement of plating thickness and 
observation for defects described. 


14, Completed Electrical Inspection Electrical inspection requirements are becoming more 
common with MLB usage. It is enough of a problem to have an assembly which does not 
work because of component failure, without the added possibility the MLB is faulty. 
Several common characteristics of a MLB may be checked: 

1. Dielectric voltage breakdown. Arcing through thin dielectric material. 

2. Open circuits. Intemal broken lines. 

3. Low-resistance shorts, Internal copper bridging between circuits. 

4, High-resistance shorts. Intemal shorts due to contaminants left on inner circuit 
surfaces or wicking and entrapment of chemical solutions between circuit features. 

5. Controlled capacitance between circuit layers. 

6. Controlled impedance of circuit lines. 

Continuity test machines are used to perform the first four types of electrical test. Point- 
to-point interconnect information from the MLB schematic is placed on tape or in 
computer memory of the continuity test machine. A handling fixture consisting of spring- 
loaded electrical contacts in a pattem which matches the MLB circuit pattern is also part 
of the continuity tester. It compares the interconnect information with results measured 
through contact with the MLB. Contact with the MLB can be made with individual 
handling fixtures for a specific MLB or with a large universal fixture with contacts 
mounted on a grid pattern. 

Continuity testing is programmable to test for different levels of: (1) voltage breakdown 
potential, (2) high-resistance shorts, and (3) low-resistance shorts. Varying those parame- 
ters influences test time, which will range from 500 to 5000 contacts per minute that can 
be checked. Continuity testing can be performed on two-layer boards and inner circuits of 
MLBs. 

Inspection of MLBs is an essential part of production, but no amount of inspection can 
improve a product. Product improvement and high quality are results of process control. 

a, Process Control. Process control differs from quality control and inspection in that it 
looks for potential causes rather than the effects of process problems. The process causes 
can range from fading light intensity on an exposure machine to impurity levels in plating 
baths, bath temperatures, acid concentration in an etchback system, or the pH level of a 
deionized water supply. Those are typical examples of the many process steps which 
contain observable and measurable characteristics. Understanding the limits of each 
process step which must be maintained to produce not marginal, but consistently good 
results of that process step is the first step toward establishing process control. Vendors of 
supplies are one source of information; they know the strong points of their own products 
and also the weak points of their competitors’ products. Supplemented by first-hand 
product experience, that is one approach to establishing process step limits. 
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Second, process characteristics must be measured or monitored routinely to observe 
their relations to established limits. Appropriate action must be taken to restore a ‘process 
step as it exceeds a limit condition, even though product quality may not suffer 
immediately. 

Next, on a long-term (several months) time base, plot process step characteristics to 
show trends not observable in simple routine measurements. As a corollary, scrap loss 
records on a similar time base for each process step can assist in general troubles! 
activity or help define areas in which process or equipment improvement can reduce 
operating costs, 

Finally, the charts are useful only if they are used, so hang them up where they are 
noticeable to stimulate interest and action among operators, foremen, inspectors, and 
managers. 


SPECIFICATIONS 
MLCB Raw Material Specifications 
4, Military 
Mil-G-55636 Glass Cloth, Resin Impregnated (B-stage) 
Mil-P-55617 Plastic Sheet, Thin Laminate, Metal Clad 


b. Commercial 
TPC-L-110A Preimpregnated, B-Stage Epoxy Glass Cloth for Multilayer Printed Cireuit 


Boards 
IPG-L-120 Inspection Procedure for Chemical Processing Suitability of Copper Clad 
Epoxy-Glass Laminates 
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INTRODUCTION 


This chapter deals with the materials, processes, and equipment involved in laminating 
multilayer boards, The laminating process marks the major difference between two-layer 
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and multilayer boards (MLBs). It consists of a number of individual process steps and 
related equipment. The process steps and the equipment involved explain the increased 
cost normally experienced when a circuit design must go from a one- or two-layer to a 
multilayer board with three or more layers. In return the designer has at his disposal an. 
extremely versatile design tool. 


MATERIALS 


The materials most commonly used for multilayer boards are G-10 and FR-4 grade epoxy 
resins, woven glass fabric matrix material, and electrolytic sheet copper. Special-purpose 
materials are also laminated to meet specialized electrical or environmental equipment. 
parameters. 


1. Epoxy Resin 

4, Definition. In a broad sense, the term “epoxy” refers to a chemical group consisting 
of an oxygen atom bonded with two carbon atoms already united in some other way.’ The 
simplest epoxy is a three-membered ring to which the term a-epoxy or 1,2-epoxy is 
applied. Ethylene oxide (I) is an example of this type. The terms 1,3- and 1,4-epoxy are 
applied to trimethylene oxide (II) and tetrahydrofuran (III), The bonding structures are 
shown in Fig, 23.1. 


CH.-CH, 


SS . / 
CH,-CH, CH,-CH,~CH, CH,-CH, 


I in i 
Ethylene oxide ‘Trimethylene oxide ‘Tetrahydrofuran 
(oxetane) 


Fig. 23.1 Epoxy structures. 


Epoxy resins commonly used for printed board materials are those whose molecular 
structure consists of multiple e-epoxy groups. 

b. Characteristics. The low-viscosity and easy-cure properties of epoxy resins used for 
MLBs simplify manufacture of the basic raw materials. The epoxy resin curing agent 
system can be modified readily to provide special properties such as room-temperature: 
latency, high-temperature resistance, and flame retardancy. Room-temperature latency is 
of particular interest, since that feature is used to formulate a dry-handling, semicured 
epoxy adhesive resin used to bond circuit layers together in MLBs. Availability of the 
semicured material, called B stage, has contributed to the rapid use and ease of manufac 
turing MLBs. 

Epoxy resins as a material category possess excellent electrical, mechanical, and 
chemical properties. The general and (cured state) properties vary little. However, the 
exact chemical composition—curing agents, stabilizing agents, and flame-retardant chem- 
icals—is usually proprietary and unavailable from the resin suppliers. That becomes very 
important to the fabricator of multilayer circuit boards, who is using a semicured material 
for intracircuit layer bonding and usually from more than one supplier. Reaction of the 
semicured resin to MLB fabrication steps can vary substantially with the supplier. 


2. Glass Cloth Woven glass cloth is used as the support vehicle for epoxy resins in the 
manufacture of printed board raw material and for structural strength. Continuous rolls of 
glass cloth fabric are drawn through vats of liquid resin, sizing rollers, and curing ovens to 
produce dry semicured rolls and sheets of epoxy-resin-impregnated glass-base material. 

The glass cloth is of interest to the MLB fabricator and the lamination process primarily 
for reason of its impact on material dimensional stability of the individual circuit layers 
within an MLB. A glass cloth characteristic which an influence on material stability 
includes weave style. Glass cloth is available in a wide variety of weaves, although there 
is a continuing trend toward standardization by the raw material (copper-clad glass-epoxy) 
suppliers, as well as the glass weavers. 

“Weave style” is a term which includes subvariables of: 

1. Woven fabric thickness. 
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2. Weave construction, the number of glass bundles per inch running “with the 
grain” vs. the number of glass bundles per inch running “across the grain.” Major weave 
direction, or with the grain, is also called the warp directions of the fabric. Minor weave 
direction, or across the grain, is also known as the fill direction of the fabric. 

3. Glass filament size and fabric weight per square yard. 

‘4. Weave type; the glass filaments within a bundle may be individual strands or 
wrapped strands. 

Weave style can influence material dimensional stability by the following means: 

1. Heavier fabrics (thick and tight weave) tend to exhibit physical characteristics 
approaching those of glass, which is dimensionally very stable. Heavier fabrics also are 
less subject to distortion and stressing during application of the epoxy resin and copper 
sheet material. 

2. Weaving and treating stresses, during weaving, glass filament bundles in the fill 
direction are subjected to less bending, since they are carried back and forth across the 
width of the material in an unobstructed path. Glass bundles running in the warp or major 
weave direction are alternately bent up and down over the fill bundles. The warp 
direction therefore has more “kinks” or direction changes, which appear to act as springs 
in subsequent processing steps of etching and lamination. 

a. Glass Filament Surface Treatment. Simple application of epoxy resin to glass cloth is 
not adequate to yield the maximum benefits which this composite material has to offer. In 
all cases an adhesion promoter, usually applied by the glass weaver, is used, Two types of 
adhesion promoters are commonly available? 

1. Primers, available under various tradenames. Primers promote adhesion by pro- 
viding a boundary layer of adhesive around the glass filaments. 

2. Chemical coupling agents, most commonly used are silane coupling agents, which 
are available in various compositions for specific applications. They promote glass-to- 
epoxy adhesion by providing chemical bonds both to the inorganic glass and the organic 
resin materials. 

Advantages of the chemical coupling agent adhesion promoter over primers include: 

1. Less susceptibility of glass-filled epoxy to wick moisture and chemical solutions 
along glass filament bundles. 

2, Improved material strength through transfer of stresses to high-strength glass 
fibers. 

Glass fabric within the copper-clad raw material is often overlooked as having any 
influence on the printed board fabricator’s product. In fact, it plays an extremely important 
part in overall material stability, moisture and chemical solution absorption, and fabrica- 
tion problems such as movement of inner circuit layers during lamination. 


3. B-Stage Material 

a. Description. Semicured glass-cloth-reinforced epoxy resin is commonly referred to as 
B stage and sometimes as prepreg. In the semicured state the B-stage epoxy resin has not 
been fully polymerized; therefore, although it may be handled easily, it may also be 
retumed to the liquid state by application of heat and pressure. That feature makes B- 
stage resin a convenient bonding material for multilayer boards. 

Technically, B stage is available in all of the glass weave styles; but for bonding layers 
in multilayer boards, the thinner lightweight fabrics are most commonly used because 
they carry a higher resin-to-glass ratio. That characteristic helps provide a void-free 
laminated bond, since more resin is available to fill circuit patterns where copper has 
been removed. 

B stage is available in both standard G-10 and flame-retardant FR-4 material types. Both 
types are widely used in the lamination of multilayer boards. 

b. B-Stage Resin Flow. Resin flow is a characteristic used to define B stage in categories 
for special uses. In the B stage it is controlled by the degree of semicure applied to the 
epoxy-treated glass cloth and by the curing and stabilizing agents used in the basic epoxy 
compound. The amounts of resin flow for B stages are described in Table 23.1, 

c. No-flow B Stage. No-flow B-stage material has rather specialized uses. Resin flow is 
essentially zero, although a rim up to approximately 0.03 in of resin can be induced 
around the edge of a no-flow bond line. Precontoured parts such as heat sinks are 
commonly bonded to printed boards by using no-flow B stage. 

d. Low-flow B Stage. Low-flow B stage is used primarily by fabricators of the fully cured 
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glass-filled epoxy, copper-clad raw material that is employed throughout the printed 
board industry. Laminated raw material from low-flow B stage has two characteristics 
which explains this wide use: 

1. Economy of resin, there is just enough resin flow to drive out air voids in the 
finished raw material. 

2. Thickness uniformity of the raw material. Although several factors influence 
thickness uniformity, minimized resin flow from the B-stage lay-up is one of the more 
important considerations. 

¢. High-flow B Stage. Both medium- and high-flow B stages are used extensively in the 
lamination of multilayer boards. There are two reasons for this: 

1, Adequate amounts of resin are available in the high-flow material to fill etched 
cireuit void areas and flush entrapped air bubbles from the bond line. Air bubbles and 
voids in the bond line are usually cause for serappage of the MLB. 

2, Resin flow can be promoted at lower lamination pressures, which in tum generate 
lower internal forces on the softened inner circuit layers and thereby reduce the likeli- 
hood of circuit features shifting or floating during the lamination cycle. 


TABLE 23.1 MIL-G-55636A Designations 
Category* Class 


No flow 20 or less 
Low flow 21 to 30 
Medium flow 31 to 45 
High flow Greater than 45 


Resin in flow, percent 


“Resin flow is measured by standard procedures such as the Society of Plasties Industry test method, 
the MIL-G-55696A method, or similar specialized methods used by suppliers and users of B-stage 
material. 


4, G-10 and FR-4 Copper-clad Raw Material Single- and two-sided printed boards are 
fabricated from a variety of paper-base and phenolic grades of material with layers of 
copper on the outside layers. Multilayer boards, on the other hand, are fabricated almost 
exclusively from G-10 grade glass-filled epoxy, or a flame-retardant type of the same 
material known as FR-4, Good electrical, mechanical, and chemical resistance characteris- 
ties are the reason for the high usage of G-10 and FR-4. The material is available in many 
physical conditions: 
1. Copper-clad one side 
2. Copper-clad both sides 
3. No copper cladding 
4, Varied copper-clad thickness 
5. Varied dielectric material thicknesses 
6. Varied glass weave styles within the material 
Most common dielectric (cured epoxy-glass material) thicknesses are available from 
0.004 in thick to 0.062 in thick. Thicknesses of 0.0025 in and above 0.062 in also are 
available, but they are usually special situations. 
The G-10 or FR-4 fully cured material is commonly referred to as C-stage material. 
During the heat and pressure of lamination, it will soften; but it will not become a liquid 
again, Excessive lamination temperature will turn the laminated board brown, or char it. 


5. Miscellaneous Multilayer Board M: In addition to the predominantly used G-10 or 
FR-4 material, a number of other materials are used in the multilayer board industry. 
Some of them and their advantages and disadvantages are discussed in the following 
paragraphs, 

Polyimide is a high-temperature material utilizing a glass cloth base, and it is available 
as B-stage or copper-clad C-stage material. Maximum service temperature is of the order 
of 500°F compared with about 275°F for G-10. (The temperature varies.) The high service 
temperature and glass transition temperature (Fig. 23.2) should extend polyimide use into 
multilayer board applications, where many high-temperature thermal cycles would even- 
tually create Z-axis expansion which would fracture plated-through-hole barrels in stan- 
dard G-10 or FR-4 material. The low Z expansion feature may be of particular use in 
solving such problems in MLBs greater than approximately 0.08 in thick. Electrical 


Laminating 23-5 


characteristics are similar to those of G-10 and FR-4, with improved chemical resistance 

and somewhat less mechanical flexural strength. Polyimide also appears to be a more 

dimensionally stable material. Features which should improve with increased industry 
sage include: 
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Fig. 23.2 Comparison of typical glass transition temperatures (¢); G-10 vs. polyimides. 


2. Copper adhesion strength. Typical copper peel strengths are in the 4- to 6-psi 
range as compared with 12 to 16 psi for G-10. 

3. Lamination temperatures and cure cycles. Obtaining laminated bonds of consis- 
tent quality can be a production problem. Lamination is performed at higher temperatures 
(425°F) than for G-10 and FR-4 (350°F). In addition, an extended postbake cycle (up to 
16h) is recommended for polyimide laminates. 

Despite those drawbacks, there are a number of suppliers of polyimide raw material 
some of whom are working on an epoxy-polyimide alloy as well. The area has considera- 
ble potential as the operating environments for multilayer boards increase in temperature. 

Polyphenylene oxide (PPO) has excellent low-loss electrical properties for high-fre- 
quency radar and communications equipment applications. PPO is either a cast or 
extruded material with no glass fabric base material. It is available with single- or double- 
clad copper sheet on its external surfaces. Lamination is readily performed by using 
polyethylene or irradiated polyolefin sheet material. 

The major problem with fabricating multilayer boards from PPO is dimensional change 
within the material during lamination. Dimensional changes are random in direction and 
are of the order of 0.002 to 0.003 in/in of material size. Special compensating techniques 
such as annealing and double exposing and etching steps are required to utilize the 
material. Given those difficulties, plus a 5:1 cost premium over G-10, PPO has a limited 
but important area of MLB application. 

Glass-base Teflon,* with a random fiber and glass cloth base, has excellent low-loss 


“Registered trade name E. I. du Pont de Nemour & Company. 
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electrical characteristics which make it useful for high-frequency radar and communica 
tions equipment application, In the woven glass-fabric base material the dielectric con- 
stant will vary with weave direction, sometimes creating a requirement for the random 
glass-fiber-filled material. Teflon is a high temperature (600°F) material, but its use in 
multilayer board applications has been slow owing to several processing difficulties: 


1. Teflon-to-glass filament adhesion. Teflon does not penetrate the glass bundles 
well or adhere to the glass filaments. Therefore, during processing through chemical 
solutions, the glass fiber bundles wick solution which is retained or released at other 
processing steps. Reducing the Teflon part’s temperature before introducing it to a bath _ 
will tend to minimize the wicking action. 

2, Teflon chemical composition, Teflon’s molecules are based on extremely strong 
double-valence bonds. The result is a material difficult to prepare chemically or mechani-_ 
cally to promote surface plating. A highly combustible etching solution called Tetra-Eteh* 
does perform a surface etch on Teflon, which permits boards to be built with plated 
through holes. 

3, Lamination. Bonding or laminating of Teflon circuits together to form multila 
board also requires treatment of surfaces with Tetra-Etch for a reliable process. 

Bonding materials can the be G-10 B stage, polyethylene sheet, or thin (0.003-in) she 
of Teflon raised to melting temperature during lamination. 

Flexible Materials. One- and two-sided copper-clad polyimide material has 
available for some time and is used in many equipment applications. Features asso 
with the material include: 

1. Conformance to equipment contour for improved package interconnect density. 

2. Reels supply, which makes it readily adaptable to highly automated in-line 
processing. 

3. Enough thinness to allow punched holes and stamped contours, again making it 
amenable to in-line processing. 

Beyond those applications, flex cables are being used for special multilayer boar 
applications and as parts of multilayer board—interconnect hybrid packages. 


LAMINATION FIXTURES AND TOOLING 


Successful multilayer circuit board lamination technique really requires only two things” 
to occur: (1) Layer-to-layer registration of circuit pads—which are eventually intet 
nected by drilling and electroplating—must be maintained. (2) Laminate bond lines mus 
be void-free and must resist thermal shock requirements. Uniform and predictab 
thickness of finished laminate is desirable as well. 

Layer-to-layer circuit registration is usually maintained by the use of tooling pins in the 
material outside the circuit area. 


6, Registration Pin Systems Aside from the fact that every company making multilayer” 
boards uses registration pins, there is little if any commonality of tooling pin systems, 
Within a given company, however, the tooling pin system becomes the common denomi- 
nator for all process steps from shearing the initial material panel size to routing the 
finished boards from the panel. Selection of a registration system which provides both 
versatility and accuracy can be one of most important decisions the MLB fabricator cam 
make, 

Some registration pin systems with their advantages and disadvantages are noted in 
Table 23.2. Whatever registration pin system is selected, it must be remembered that it is 
the reference base between the machines and the circuit pattern throughout the MLB 
fabrication process. 


7. Lamination Fixtures Ideally, lamination fixtures should have an expansion rate which: 
would exactly match laminate reaction to heat and pressure. That would minimize 
induced thermal stresses between registration pins in the fixtures and the laminate 
material. However, since the laminates are a composite of copper, glass, and epoxy and 
since the lamination temperature exceeds the glass transition temperature of the material, 
the laminate is a real unknown entity when it comes to predicting thermal expansion 


Registered trade name, W. L. Gore and Associates, Inc. 
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phenomena. Glass-base epoxy laminates do approximate the thermal expansion rates of 
steel quite well up to the glass transition temperature (approximately 265°F), and there- 
fore steel provides a compatible fixture material with a minimum of induced thermal 
stresses throughout the lamination cycle. 

Lamination fixtures may have as few as two pins or a series of pins around their border 
(matching holes in the laminate layers required) on approximately 3-in centers. The 
technique of multiple pinning may not guarantee perfect layer-to-layer registration, but it 


TABLE 23.2 


System Advantage Disadvantage 


1. Two pins or more Material shrinkage effects are 
along one edge of panel. maximized with movement 
away from registration pins. 


Allows unrestricted range 
of lamination fixture and 
panel sizes without 
change to basic registra- 
tion system. 


ae 


2. Two pins centered Material shrinkage effects 
‘on panel, are minimized since with many panel sizes, particu- 
material is symmetrically larly for the artwork and expose 

located on pins. operations, May require a 
“movable” secondary pin with 
some accuracy loss for drilling 


) 
various panel sizes. 
; 


has been successfully used in conjunction with special press cycles and laminate borders 
to reduce misregistration problems in lamination, 

For vertical stability and laminate registration, lamination plates should be thicker than 
the registration diameter, Surfaces of lamination plates should be examined for 
scratches which cause dents and broken line problems of outer laminate circuits 
during subsequent process steps. To protect press platens, registration pin length should 
be less than the combined thickness of the top and bottom lamination fixture plus the 
thinnest laminate fabricated (Fig. 23.3); that is, T must always be greater than L. 

Lamination pins and fixtures are straightforward elements required for lamination. 
Since they are constantly used and reused, however, the plant process engineer must 
assign a high priority to the total handling system surrounding them. 


Difficult system to implement 


8. Lamination Presses Lamination presses for the production of multilayer circuit boards 
fall in two categories: (1) electrically heated and (2) steam-heated. Actual press pressure 
may be provided by a closed-loop hydraulic pump system for both types of presses. 
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Fig. 23.3 Laminate buildup vs. registration pin length, 
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Presses used for lamination of raw material may also use a steam-hydruulic system to 
provide lamination force. 4 

Some characteristic advantages and disadvantages of steam vs, electrically heated 
presses related to multilayer board fabrication are listed in Table 23.3. Press platen heat 
up curves will be discussed further in connection with lamination press cycles. 


TABLE 23.3 
‘Type of press Advantage Disadvantage 


Steam-heated Lower operating cost Higher initial cost for 

More platens per press boiler and steam pipe 
Fast platen temperature installation 

heat-up rate More system to require 
Lower thermal inertia in maintenance 

platens Usually limited to maxi- 
Uniform heat rise curve mum temperature of 

400°F 


Electrically heated Low installation cost Higher operating cost 
Low maintenance cost Slow platen temperature 
Higher platen tempera- heat-up rate* 
ture attainable Fewer platens per press 


*A way to overcome this disadvantage with electric presses is to use two presses. One press. 
operated hot all the time, the other cold. Laminates are loaded into the hot press for a heat-and-cure 
cycle under pressure, Pressure is ased and laminates are transferred to the cold press, where they’ 
are cooled under pressure, In addition to energy savings, more than twice as many press loads can be” 
run on the two machines as on one press. 


9, Lamination Press Auxiliary Equipment and Procedures 

a, Thermocouple Welder. Lamination presses will on occasion malfunction or have 
problems which change their characteristic heat-up-rate curve. That usually results in 
scrap laminates. A small 26-gauge thermocouple temperature detector embedded in a 
laminate bond line of a laminate within each press opening can pinpoint those problems, 
The welder is a simple low-voltage power supply used to prepare the thermocouple joint 
as shown in Fig, 23.4. 


b. Temperature Recorder. ‘Thermocouples are connected to a recorder and inserted into 
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"BEAD" 
(b) 
Fig. 23.4 Thermocouple. (a) Before welding; (b) after welding. 
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the edge of a laminate bond line to monitor bond line temperature. The press may be 


manually operated at a desired bond line temperature, or the recorder can be set up to 
apply high pressure automatically at a predetermined bond line temperature. Note that 
this setup would primarily apply to fabricators who use a two-stage press cycle, although it 
would provide useful process monitoring information. 

c. Pressure Transducer. Lamination press hydraulic systems and pressure gauges can 
malfunction on occasion. The most direct method of detecting problems of this nature is to 
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Fig. 23.5 Solder spiral. 


use a pressure load cell directly in the press opening to calibrate applied load vs. pressure 
or force gauge readings. Alternate methods of platen force calibration are sometimes used 
but give less reliable results. Typical would be use of the reasonably consistent force- 
deflection characteristics of lengths of standard-size drawn tube material. It is recom- 
mended that presses be checked for applied load at the platen periodically on at least a 2- 
to 4-month schedule. 

d. Platen Flatness Check. Press platens should be parallel and flat within 0.004 in in 
order to produce consistent-quality multilayer boards, A simple way to check that is to 
start with a cold press and lay a spiral of solder (approximately 0.06 in in diameter) across 
the face of press platen. Solder spirals should be approximately 3 to 4 in apart as shown in 
Fig. 23.5. Straight pieces of solder work equally well. 

Apply enough load to the press to produce approximately 0.02- to 0.03-in deflection on 
the solder and then, with a micrometer, prepare a cross-the-corners profile of measure- 
ments on the solder. If measurements vary more than 0.005 in, it is likely that a 
corresponding or even increased variation will be noticed on laminates produced in the 
Press. Press manufacturers can usually correct such problems by adjustments or rework, 
although extensively warped platens must sometimes be replaced. 

¢. Platen Heating Uniformity Check, Nonuniform heat distribution (greater than +3°F 
variation of surface temperature) on press platen surfaces can be a problem on both steam 
and electric presses. Greater temperature variation can cause voids in the laminate bond 
line. In general, a 2-in outside border zone of any platen has a greater heat loss than the 
central portion of the platen and should not be used for lamination. Two methods of 
checking platen temperature uniformity are to prepare a grid pattem (2 to 3 in) of 
thermocouples or temperature-indicating paint dots. Either patter should be on a piece 
of nonmetallic material approximately 44 in thick. 

Cover the thermocouples or paint dots with a sheet of release material and two sheets of 
0.02-in-thick chipboard material (Fig. 23.6). This lay-up is loaded into a preheated (340°F) 
press for 4 min and then removed. Thermocouples should be connected to a recorder to 
tead temperature just prior to removal of the lay-up from the press. 

The test procedure described here may be varied depending on a given set of equip- 
ment. The purpose of the test is to leave the lay-up in the press long enough to geta 
temperature indication resulting from a point on the adjacent platen, with as little 
influence as possible from the opposite platen and the surrounding area of the adjacent 
platen. With the lay-up and temperatures described, monitored temperatures should be in 
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the 300 to 310°F range. Temperatures on a press platen surface area should be within @P_ 
Both platens of a press opening must be checked. The checkout procedure is recom. 
mended annually, or when lamination problems become prevalent. 

Press-loading Equipment. Depending upon size and number of press openings, q 
variety of carts, conveyors, and elevator lifts can be employed to transport and ensure 
accurate placement of the lamination fixtures in the press openings. 

g. Registration Pin Removal. Following lamination, registration pins are surrounded by — 
resin from the laminate. It is important that pins and mating holes in fixtures be a 
with spray or liquid mold release material prior to being used. Removal of the pins is then 
readily accomplished with an air- or hydraulically assisted press. Hand-operated arbor 
press also may be used, but hammer and pin removal methods are not recommended 
because of the possibility of marring lamination fixture features. 

h. Lamination Fixture Maintenance. Lamination fixtures should be routinely protecte 
from resin squeeze-out from the laminate package. Protection is secured by the use 
spray or liquid mold release applied to registration pins and the insertion of a sheet 
release material between each half of the lamination fixture and the laminate. Also, 
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Fig. 23.6 Temperature distribution buildup. 


between use cycles, the fixtures should be inspected for droplets of resin on either s 
which will cause localized high-pressure points or depression in the surface of th 
laminate, Excess epoxy may be removed by solvents or mechanical means. 

There are, no doubt, other specialized techniques relating to lamination which shoul 
be considered for each fabricator’s facility. Operational techniques which can 
employed to make the lamination process more consistent should be given 
consideration. Lamination is the first multilayer board process step which requires ¢ 
complete restart owing to a process problem. Also, since several laminates are ust 
processed in a given press load, the importance of a consistent lamination process, skille 
operators, and good equipment can not be overemphasized. 


LAMINATE PREPARATION 


10. B-Stage Characteristics In order to maintain a consistent lamination process, thé 
multilayer board fabricator must be concemed with at least six specific characteristics: 

1. Glass weave type. This determines bond line thickness. 

2. Resin type. G-10 and FR-4 can produce different laminate bond strengths. 

3. Resin flow. (a) Too high a flow may result in a resin-starved bond line. (b) Too lo 
a flow may result in too thick a bond line or voids in the bond line. 

4, Resin content. (a) Too low a resin content may result in a resin-starved bond 
(b) Too high a resin content may result in too thick a bond line. 

5. Gel time. “Gel time” and “tack time” are commonly used interchangeably. Both 
terms are meant to indicate the point when a B-stage resin has been heated, gone back toa 
liquid state, and is beginning to resolidify into a solid thermoset condition. Measurement 
consistency is a function of test apparatus and some judgment on part of the test operator: 

6. Volatile content. Volatiles consisting of retained solvents or moisture in B st 


must be controlled at less than 1.0 percent by weight to prevent formation of gas bubbles _ 


and voids in laminate bond lines. 

The preceding characteristics and the procedures for measuring them have been 
defined in an attempt to allow consistent testing by the B-stage suppliers and users. 
Standard test procedures are available from the Society of Plastics Industry, Inc. and 
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military specification Mil-G-55635A. Despite the standards, inconsistent results between 
users and suppliers can still occur owing to operator techniques, test equipment differ- 
ences not specified in the standards, and sampling techniques. 

From the use standpoint it is essential that the user establish a well-defined and 
controlled method of testing the B stage used in fabricating multilayer boards. That is very 
important, since from even a single B-stage supplier the B resin constituents can vary and 
the resin itself can come from different sources to the B-stage manufacturer. Testing 
should be done on a sampling procedure for each resin batch prepared by the B-stage 
supplier. 

ie mentioned previously, there are standards for testing the various characteristics of B 
stage, but the standards are not truly representative of the lamination process for most 
multilayer board fabricators. Differences occur in lamination fixtures, types of presses, 
types of lay-ups, types of press contol, etc. Therefore, in addition to standard testing, it is 
good shop practice for each new batch of B stage, to make a representative size laminate of 
several pieces of B stage to observe the way it responds to a normal press cycle. Resin 
starvation or resin voids in the sample will require adjustments to the press cycle or 
possible rejection of the material. 


11, B-Stage Storage and Handling Prior to Lamination B stage is very susceptible to mois- 
ture, solvent, dirt, and oil particle contamination. Any of these foreign materials are likely 
to produce spots of delamination within a laminate bond line. In addition, time and 
temperature gradually promote a change from the semicured to the fully cured epoxy 
state. 

To protect and maintain material usefulness, the following shop practices and condi- 
tions should be observed. 
. Material should be packaged by the supplier in airtight containers (sealed plastic 


1 
bags). 
2. 


< . Material should be stored in a cool dry environment (less then 50°F and 50 percent 
RE). 
3. Material should be handled only by operators wearing clean cotton gloves. 
4. Material should be cut to size in positive-pressure room. 
5. Material should be placed in a vacuum chamber to remove volatiles prior to use. 
Observation of those practices will resolve many lamination process problems. 


12, Circuit Laminate Preparation Prior to Lamination Circuit laminates are the circuit pat- 
terns etched in copper-clad to C-stage glass-filled epoxy material, Laminates may have 
circuitry on one or both sides. 

Prior to lamination with B stage, the laminates should undergo some combination of the 
following preparatory steps: 

4 me Chemical-clean. Dilute HCl (10 percent) dip followed by water rinse and foreed- 
air drying. 
2. Scrub, rinse, and dry, This is either an acid pumice and water slurry scrub or a 
composite material brush scrub followed by a water rinse and forced-air drying system. 
3. Oxide treatment. 
4. Bake cycle (optional), One-hour bake at 250°F to remove moisture from material 
absorbed during cleaning steps. 

Laminates to be bonded are treated by some fabricators with a copper-oxidizing 
treatment to promote adhesion strength. Most chemical suppliers for the printed circuit 
industry have proprietary brands of this material available. The treatment appears to 
create improved delamination resistance with the B stage through a combination of 
increased surface area and chemical bonds between epoxy molecules and the copper 
oxide. 

Following the bake-out step, circuit laminates are ready for the lay-up operation, in 
which items discussed to this point are brought together: lamination fixtures, registration 
Pins, release paper, and B stage. 


13. Laminate Lay-up Procedures. Laminate lay-ups should be performed in a controlled 
environment room for best results. Desirable conditions include: 

1. Positive-pressure air 

2. Filtered air source 
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3. Daily cleaning of the room 

4, Clean protective gloves and lint-free gowns and caps for operators 

5. Controlled temperature and humidity (70°F, 50 percent RH). 

6. Precleaned lamination fixtures with mold release on registration pins and holes 
prior to entering the room 

Atypical laminate layup as it would be in the press ready for lamination is shown in Fig, 

23.7, 
To increase press output, laminates can be stacked double or more, depending 
thickness up to approximately a 0.150-in-thick stack, by the addition of 0.020- to 0.030-in, 
steel plates between laminate stacks. The 0.150 in is not an absolute dimension; it is q_ 
function of heat transfer rate through the total lay-up plus alignment capability of the 
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Fig. 23.7 ‘Typical laminate lay-up, 


registration pin system. A laminate stack is defined as the lay-up plus its two sheets of - 
release paper. The steel plates are necessary to prevent circuit image transfer from one 


stack to the next, 
Amount of B stage in the bond line will vary because of the amount of etched cireuit to 
be filled and circuit copper thickness. Considering only B stage made of 108 glass (0.008 
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Fig. 23.8 Typical two-stage pressure lamination cycle. 
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to 0.0025 in thick before lamination) a bond line should contain a minimum of two sheets 
of B stage plus one more sheet for each 2 07 of copper circuitry in the bond line. 
Lamination fixtures should be loaded in the press so that laminate area is symmetrically 
loaded about the center of the press platen. Off-center loading can cause nonuniform 
inate thickness and even damage to press support rods. Within a given press opening, 
Jaminates should be of the same or equivalent final thickness to avoid nonuniform platen 
loading. 
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Fig. 23.9 Typical steam-heated and electrically heated press heat-up curves. 
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a, Lamination Press Cycles, Before considering the press cycles, it is appropriate to 
consider the requirements of a good laminate bond. Bond line requirements are reasona- 
bly consistent: 

1. No delamination after thermal shock. (Several definitions of thermal shock exist. A 
representative one is 550°F solder float for 10 s for a 2 x 3-in-square specimen.) 

2. No bubbles or voids in the bond line. 

3. No resin starvation (white glass fabric pattern in B stage visible) in the bond line. 

4. No dirt or foreign particles in the bond line. 

5. It is imperative to have good layer-to-layer circuit registration to allow drilled 
holes to hit internal circuit pads. 


To accomplish these desirable laminate bond features, a number of press cycles are 
available. 


14. Two-Stage Pressure Cycle With either a Hot or Cold Start Two-stage pressure cycles will 
vary as to exact pressures, but in general they have a low pressure (2- to 25-psi*) dwell 
time when the B stage is melted. Low-viscosity resin wets, fills, and drives air out of the 
etched copper laminates. The high-pressure application point in the cycle is critical. Too 
early results in excess resin squeeze-out and resin starvation; too late results in laminate 
bond line voids and registration shift because of increased resin viscosity. 

Cold start press cycles (Fig. 23.8) are associated with steam-heated presses, and hot- 
start press cycles are associated with electric presses. To help understand the reason, see 
the typical platen heat-up rate in electric and steam presses, Fig. 23.9, and the B-stage 


*This represents an industry survey range. Personal experience recommends a 10-psi maximum, 
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resin viscosity curve, Fig. 23.10. Electric presses can take twice as long to heat as steam 
presses. 

B-stage resin is cured by the combination of temperature and time, or thermal energy, to 
which it is exposed. Viscosity of the resin is also a function of the absorbed thermal. 
energy. Figure 23.10 shows that, during a fast press heat-up cycle, there will be a longer 
period of time T, when the resin has a useful viscosity for fabricating multilayer boards, 4 
slower heat-up cycle such as on the electric press presents a shorter period of time T, 
when the resin has an acceptable viscosity for fabricating multilayer boards. Therefore, 
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Fig, 23.10 ‘Typical high-flow B-stage viscosity curves during lamination, Solid line indicates B-stage _ 


viscosity curve for fast-heat-up press. Broken line indicates B-stage viscosity curve for slow-heatup 
press, 


electric presses are usually preheated either partially or to full temperature for MLB ~ 


lamination use. To prevent excessive resin runout from a full-temperature prehe: 
press, the heat-up cycle can be slowed by inserting a sheet or two of 0.020-in-thick 
cardboard between the press platens and the lamination fixture. 

One way to obtain successful lamination results is to prepare several test laminates of 
new B stage by using the production press and lamination fixtures. Prepare the laminates, 
and increase low-pressure cycle times by 2-min increments for from 2 to 8 min. The short 
cycle time should produce excessive resin flow and resin starvation, whereas the long 
cycle time should show the presence of voids and air bubbles. Select a low-pressure cycle 
time in midrange which gives good visual results in the laminate. The visual results will 
be supported by consistent resin How and resin content measurements. 


The above discussion is primarily applicable to high-flow B stages used under low- 


pressure conditions for the fabrication of multilayer circuit boards. Low pressures are 


used to minimize hydraulic side loads on circuitry within the bond line and resultant — 


movement or lamination shift of internal board circuitry. 


16. Single-Stage Pressure Cycle With either a Hot or Cold Start See Fig. 23.11. Single-stage 
pressure cycles have long been used with low-flow-grade B stage. The B stage, in turn, is 
less frequently used for multilayer board work but more often for the production of C- 
stage material. Press operation is simpler, and higher press pressures (300 to 1000 psi) 
minimize the variables which are of concern in typical MLB work. 

Suppliers of B stage are now offering material formulated for use in multilayer board 
fabrication which does not require the two-stage press cycle. Single-stage pressure cycles 
offer the benefit of simplified lamination cycle controls, which in tum can improve 
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laminated product consistency. The B stage can be used with either a hot- or cold-start 
press cycle. 


46, Vacuum Lamination Vacuum lamination is an experimental process which has been 
tried by several multilayer board manufacturers. The purpose of the process is to promote 
removal of gases and air while using a medium- or low-flow B stage. Reduced resin flow 
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Fig. 23.11 Prepreg system, suggested thermal profile. (a) Hot press cycle; (b) cold press cycle. The 
suggested thermal profiles were computed toa minimum fill based on approximately 30 percent copper 
circuit density. (Fortin Laminate Inc.) 


with that type of B stage would also provide uniform laminate thickness. Implementation 
of the process requires special equipment: compressors, gauges, and vacuum frame seals 
for the press openings. The requirements for and use of vacuum lamination has decreased 
with the availability of high-flow B-stage resin systems. 


17. Cycle Type Comparison To summarize the discussion on lamination cycles, consider- 
ably more space has been devoted to the two-stage press cycle because it has been in use 
longer. Single-stage press cycles have been associated primarily with raw material (C 
stage) fabrication, which is not the primary concern of this chapter. Single-stage press 
cycle B stage for multilayer board fabrication is being produced and offers the advantage 
of a simplified lamination to the printed board industry. 

Even with the benefits of a simplified lamination process, lamination involves many 
variables of materials, suppliers, and equipment. To minimize the task of resolving 
lamination problems when they occur or when a new lamination capability is initiated, it 
is essential the production facility equipment be used and observed. Detailed lamination 
process information and troubleshooting assistance is available from most B-stage sup- 
pliers, but the user must understand the effects of his specific facility lamination fixtures, 
Press controls, etc. on the B stage through preparation of sample B-stage laminates. 
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LAMINATION PROCESS TROUBLESHOOTING 


Lamination process problems are extremely costly to the multilayer board fabricator 
because they are not always obvious at the completion of the process. Often it is not until 
the board is through final pattern etching that lamination problems are evident, To. 
prevent exposure to losses that can amount to thousands of dollars in a few days ti 
some manufacturers routinely (day or shift) etch the outer copper from a board which has 
just been laminated to check for laminate quality by both visual test and thermal shock 
sgsistuticy: If production volume warrants, that practice can save money by reducing scrap 
losses. 

When problems do occur, many causes and effects are of an overlapping nature and are 
difficult to analyze. Some lamination problems and their potential causes and effects. are 
described in the following section. 


18. Lamination Problems—Causes and Effects 

1, Resin starvation (bond line appears white: 
excessive pressure in low-pressure cycle, which produces high resin low when B stage is 
in the fluid state. Bond lines and laminate may be too thin, 

Corrective Action 

Check low-pressure calculations. Check gauge (hydraulic pressure) settings and 
calibrations, Calibrate press low pressure with load cell or crush tubing comparison test, 

2. Resin starvation and a thin laminate may result from excessive high pressure, 

Corrective Action: Reduce pressure, but not below 150 psi. The problem is more likely 
to occur on small board with short B-stage flow dimension. 

3. Resin starvation and resulting thin laminates may occur because of application of 
high pressure at wrong time or temperature following precure (low-pressure) cycle. 

Corrective Action: Prepare set of B-stage laminates (six plies each) at 2-min intervals 
from resin starvation condition to air bubble condition. Adjust application of high- 
pressure time to yield B-stage laminate of good visual quality (no resin starvation). Test — 
panels must be laminated in the same type of fixture and with the same amount of 
cardboard padding as actual lay-ups. 

4, Resin starvation occurs because of too few plies or no B stage in the laminate. 

Corrective Action: If not an obvious situation, section the laminate, or perform a bum- 
out to determine the amount of B stage. 

Resin starvation may occur because a B-stage lot has too low a resin content, too 
long a gel time, or too high a resin flow. 

Corrective Action: Any combination of the conditions may be accommodated by adjust- 
ing the time and temperature at which high pressure is applied. See description 3. 

6, Air voids and thick laminates may occur if pressure is too low during the low- 
pressure cycle. 

Corrective Action: Check low-pressure calculation and calibration. 

7. Air voids and thick laminates may occur if high pressure is too low in lamination 
cycle, or if press went into high pressure at too high a temperature. Low pressure doesn’t 
produce enough flow to fill or carry out air voids. 

Corrective Action: Check high-pressure calculation and calibration. Press may not go 
into high-pressure cycle if recorder or pressure control timer malfunctions. 

8. Air voids and thick laminates may occur if high pressure is applied too late in the 
low-pressure cycle and the resin is too viscous to flow properly. That can also cause 
movement of circuitry on inner layers. 

Corrective Action: Prepare a flow curve vs. time curve for the B stage being used and 
see if press controls are set properly. (Voids indicate too long a pressure control timer 
setting.) If a ow curve doesn’t exist, prepare one as described in 3. 

9. Air voids may be caused by excessive volatile content or grease on B stage. 

Corrective Action: Place B stage in vacuum chamber for 2 h at 27-in-Hg vacuum and 
then retest for volatility. Discard out-of-specification, volatile or grease-spotted material. 

10. Air voids in laminates may be caused by poor cleaning of layers which leaves 
contaminant particles or grease spots on surface. Resin doesn’t adhere in dirty spots and 
leaves measles of delamination. 

Corrective Action: Check output of circuit layers from scrubber for consistently poor 
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cleaning. New brushes or air supply may be required on scrubber. Look for source of 
accidental contamination to layer such as falling on floor, ete. 

11. Air voids may be caused by low press pressure, which will cause a low resin flow 
condition. Insufficient pressure yields low resin flow and air voids or delamination in 


Corrective Action: Check on steam valve obstruction and boiler operation. 

12. Surface dents and resin on surface of laminate may be caused by particles of resin 
Jeft on press pans, by particles of dust or B stage collecting on release paper, or by creases 
in release paper. B stage on release paper can create the spots of resin on lamination 
fixtures, along with stray particles picked up when laminates are removed and lamination 
fixtures are readied for reuse. 

Corrective Action: Clean press pans with resin solvent. Perform lay-up in positive- 
pressure room to reduce the amount of airbome dirt that enters the lay-up area. 

13. Air voids and a thick laminate may occur if press temperature is low in the high- 
pressure cycle. 

Corrective Action: Verify low temperature by monitoring with a thermocouple on the 
recorder. Perform maintenance check of the press heating system if the thermocouple 
shows low temperature. 

14. Inner circuit shift can be caused by excessive pressure during low-pressure stage 
of press cycle. 

Corrective Action: Check press pressure calibration. Check rate of pressure application; 
10,000 to 15,000 Ib/s has worked satisfactorily. 

15. Placement of more than one lamination fixture in a press opening requires all 
combinations of fixtures plus lay-ups to be the same thickness. Differences greater than 
approxi pale 0,008 in can show up as nonuniform-thickness laminates or laminates with 
inner shift. 

Corrective Action: Avoid the practice of different laminates being laminated within a 
single press opening. Make sure all laminates in the press had the same number of pieces 
of B stage and laminate layers. Take special precautions and use shim sheets to obtain 
uniform total thickness. 

16. Platens on some multiple-opening presses are essentially “floating” or not 
guided for parallelism by structural members. Nonuniform laminates and inner circuit 
shift can be produced by nonuniform centering of lamination fixtures on the platens. 

Corrective Action: Use symmetrical loading of identical size laminates. If laminates are 
smaller than the fixture, make sure it’s the laminate rather than the fixture which is loaded 
in a symmetrical manner. 

17. Dirt particles and pieces of foreign matter accidentally included in a lay-up will 
cause small blisters or spots in a laminate. That is usually detectable by a local increase in 
laminate thickness. 

Corrective Action: Maintain clean lay-up area and be observant during lay-up 
procedure. 

18. Incorrect amount of B stage in a bond line or a B-stage lot with too short a gel 
aa will give thick laminates. Also, heavy glass weave in B stage will give a thick 
laminate. 

Corrective Action: Check lay-up for correct amount and glass fabric style of B stage. 
Recheck B-stage gel time. 

19. Board warp and twist may be caused by nonsymmetrical lay-ups—more heavy- 
weave glass material layers on one side of laminate than other. It can also be caused by 
mixed glass fabric major weave directions and by removal of laminate from the press 
before the curing cycle is completed. 

Corrective Action: Always use material with the same major weave direction for a given 
layup. Laminates should receive an approximate 45-min cure cycle at 350°F followed by a 
cool-down to approximately 100°F in 20 min. Boards should be designed with, as nearly as 
Possible, glass weave style symmetry about the centerline of a board. 

20. Inadequate thermal shock resistance can be caused by poor laminate cleaning, 
improper handling of laminates, excessive conversion coating thickness on copper, or 
Wrong type of B stage. 

Corrective Action: 

Identify the problem by high-magnification observation of delaminated surfaces. 

Check brushes on scrubber. 
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Review handling procedures. 

Consider multiple scrub steps or new equipment. 
« Consider chemical cleaning step after mechanical scrub. 
Consider oxide treatment of circuit layers. 
Perform flammability test on B stage. FR-4 B stage will not sustain combustion and _ 
will usually delaminate easier in thermal shock unless inners have been oxide: 
treated, 


. 
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‘SPI PREPREG-REINFORCED PLASTICS COMMITTEE—TEST METHOD 


Flow of Preimpregnated Products 


1. Scoy 

Ll is method is designed for use in determining the flow of preimpre: 

peaaes used in molding flat panels and shapes. Parts are laminated at pi 
m a few pounds per square inch to several thousand pounds and at temperat 

from 180 to 400°F. To have correlation with molding performance, it is essential tl 

the flow test be run at a temperature and pressure in the neighborhood of the actu 

conditions, Therefore, the temperature and pressure should be chosen from pary 

pent 1.2 which is closest to the operating conditons. 

2° Test Conditions 


Test No. 


Bi Bey Cro Kis Re iS 


Temp °F. 225225 250 250300 300 300 
Pressure #/sq. in. 15100 15 100 15 100 1000 
Test No. ee bee ae 3 
Temp °F 325 325 325 350350 350 
Pressure /sq.in. 151001000 15 100 1000 


2. Test Specimens 
211 The test specimens shall be cut 4 in. square (16 square inches area), Th 
specimens shall be cut on the bias. 
2.2 The number of specimens used for each flow test will vary with the wei; 
unitarea of the product. The number of 4 in. square plies taken is that which will gi 
a total weight nearest to 25 Fam 
2.3 Astrip shall be cut the full width of the cloth or paper, i.e., from one edge to th 
other. The specimens shall then be cut from this strip. The length of the strip v 
depend on the number of specimens necessary to give the required 25 gram 
Oe specimens shall be cut from the center and e 

PI S 
3.1 square metal cutting template 4 in x 4 ii 
3.2 Balance capable of pou hing to 0.01 grams. 
3.3 Dow Corning DC-20 release agent or equivalent. 
3.4 Two No. 430 stainless steel polished #4 finish press plates 16 gauge x 6 in * 


qh 
jaten. The press shall be eq 

gauges to read force of line pressure required to give the psi in paragré 
1.2 and be calibrated to be accurate to within 5 percent. (Refer to press mant r 
for calculations). The pump or other closing device must be capable of closing # 


press and applying full pressure on the specimens within ten seconds of the time they 
are inserted in the press. 

3.6. Timer 

4. Standard Conditions 

4.1 Standard conditions shall be 73.4 nee minus 10°F, and 50 plus or minus: 


percent relative humidity. Specimens s! stored for at least 4 hours at standart 
conditions prior to test, 

5. Procedure 

5.1 _ Preparation of new caul plates. Rinse plates in MEK or equivalent solvent, the! 
Scrub with a mild abrasive cleaner such as Bon Ami, then water rinse and dry. Dilul 
DC-20 1 part to 8 parts MEK or toluol. With a clean rag apply a light coat of dilut 
DC-20 and bake in the heated press or oven for at least 1 hour at 325°F or above. 

a clean rag wipe off excess release agent. The plates are now broken in. In b 
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flo tests normally all that is required is an occasional light application of DC-20 

none 

5.2__Cut the required number of 4 in. x 4 in specimens to give a total weight nearest 

to 25 grams. 

5.3 Weigh all specimens together to the nearest 0.01 gram, record weight as W,. 

34 Place the specimens in the center between caul plates maintamed at standard 

SE Adjust that chosen fom para 

5 Adjust press temperature to that chosen from h 1.2. 

5.6 Insert the assembly of plates and specimens in the hydraulic press, in the center 

of the opening. Close the press and apply pressure called for in paragraph 13. 

5.7 Cure sample minimum of 5 minutes. Some materials will require longer to cure 

the resin fo the point where the saueeze-ut or fash will be cured enough to break off 
in on sl ce it its il ic 

te ca plates. minate itself will be cured enough not to stick to 

5. ‘move laminate, allow to cool to room temperature, break off flash with fi 

ifany remains, then scrape with dull knife or back of a knife handle being carefet nck 

to remove ay glass. 

5.9 Weigh sample to nearest 0.01 d i 

Cina aiken ee 


‘The flow percentage shall be reported to the nearest 0.1% and calculated as follows: 


We Ws 00 


Percent flow = 
low a 
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INTRODUCTION 


The present space-age semiconductor industry is constantly trying to increase circuit _ 
density, reliability, and miniaturization and meet stringent economic demands, as illus 
trated in the transition of integrated circuits from flat packs to MSI and LSI packages, To 
keep pace, and to provide the necessary interdependent relations with these semicond) 

tor devices, the printed wiring industry expanded tremendously in the late 1960s 
early 1970s, and along with that growth came the necessary advanced technology. S' 

with the now commonplace two-sided, plated-through-hole boards, dimensional 
ances and material specifications were tightened, and this provided the groundwork 
multilayer interconnection boards and flexible printed wiring (FPW) products. 

Flexible printed wiring is widely used in electronic packaging of computers, te 
phones and telephone equipment, relays, gyros, missiles, computers, automotive instru- 
ment panels, and even in blanket heaters. Future applications will be widespread and 
limited only by the imagination of design engineers. 


ADVANTAGES OF FLEXIBLE PRINTED WIRING 


4@, Flexibility. The obvious advantage of utilizing a flexible dielectric material pre 
the design of circuits which may travel in the x, y, and z planes or may be coiled as i 
retractable drawer applications. Self-retracting FPW interconnections can and have 
designed to be flexed as much as 7 x 10° times without failure. 

b. Volume Reduction, The use of FPW will reduce the space required for interconnee= 
tion in a given application as compared with discrete wire cables. The ease of being” 
formed to the contour of the box, the thin, flat cross section, and the reduced conductor” 
oe permit more efficient packaging, which is manifest in decreased interconnection 
volume. 

c. Weight Reduction. The lower-volume design capability, the use of multiple conduc 
tors in close spacing, the use of smaller-cross-section conductors (based on capability to 
design to current-carrying capacity rather than mechanical strength) all add up to a lower 
overall interconnection weight. 

d. Wiring Consistency. The use of FPW eliminates wiring errors inherent in discrete 
wire harnesses. Once the conductor-producing artwork is approved, all subsequent copies 
will i indentical. That alone results in assembly line savings due to elimination of 
rework, 

¢. Increased Reliability. The overall system reliability of the electronic box is increased 
when FPW interconnections are employed. That is primarily due to the reduction 
elimination of interfacial connections (solder joints, welds, etc.) because of the capability 
of x-, y-, and z-plane wiring. Also, when the FPW is designed properly with adequate 
strain relief, ete., the interconnection device virtually eliminates conductor breakage oF 
open circuits. The encapsulation effect of FPW design provides a rugged package which 
is resistant to environmental conditions. 

f. Electrical Design Freedom. FPW can be designed to have transmission line properties 
by controlling the capacitance C, inductance I, and characteristic impedance Zp. Those 
properties are a function of the conductor line width, conductor thickness, dielectric 
separation (i.e, distance from ground plane in microstrip and tri-plate designs), and the 
dielectric constant of the base material. The consistent location of individual conductors 
maintains consistency of such electrical parameters as noise and capacitive coupling. 

. Self-termination. By definition, FPW products are preterminated as in a plated- 
through hole, eyelet, etc. This feature eliminates any wire preparation and tinning and 
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thereby makes a substantial savings in assembly cost possible. By keying the FPW device 
jn symmetrical connector patterns, misplacement can be avoided. 

h, Mass-termination Techniques. The termination of the FPW device can be performed 
en masse. For example, in terminating a plated-through-hole FPW device to a pin 
en ynector, all terminations can be performed by dip or wave soldering in lieu of hand 
soldering a discrete wire cable. 

i. Custom Material Applications. FPW devices may be fabricated from a variety of 
commercially available materials to suit the specific application. For example, in a simple 
low-cost interconnection application, an inexpensive vinyl polymer may be utilized; but 
ina sophisticated military application in which the device must possess high-temperature 
‘and transmission line properties the use of fluorinated or polyimide polymers may be 

ictated. 

4 j. Overall Interconnection Cost Reduction, The reduction of overall interconnection costs 
is manifested by the following features of FPW devices: 

1. Prelocation of conductors eliminates costly wiring errors and rework. 

2. Replacement, if required, is easier. 

3. Termination costs are reduced by mass soldering, welding, ete. 

4. Reduction of brackets, wire clamps, etc., is made possible by custom design of 
circuitry. FPW may be bonded to structure walls to eliminate attachment hardware. 

5, Shielding can be inexpensively applied to FPW device. 

k. Continuous Process Capability. Because flexible dielectric materials are available in 
continuous rolls, FPW can be manufactured in a continuous web process with a signifi- 
cant savings in production costs. 


LIMITATIONS AND DISADVANTAGES OF FLEXIBLE 
PRINTED WIRING 


Coupled with the many advantages of FPW interconnections are some inherent limita- 
tions and disadvantages which the designer must bear in mind prior to designing an FPW 
into a system. They are enumerated below: 

a. High Nonrecurring Start-up (NRSU) Costs. Since the FPW device is custom-designed 
and manufactured for a specific application, the initial costs will be relatively high. These 
costs are mainly in circuit design, layout, and artwork. Generally it would not be wise to 
use FPW in low-volume-oriented applications unless special requirements dictate their 
use. 

b. Engineering Change is Difficult and Costly. Because of the custom nature of the FPW 
device, changes in circuit routing or periphery are difficult and somewhat costly because 
the layout, drawing, master artwork, and working artwork must be changed. If possible, 
those changes could be incorporated in the FPW device by the use of jumpers, etc. 

c. Difficult Repairability. Repair of an FPW device is difficult, since the protective 
insulation cover coat or base material must be removed and replaced after repair. 

d, Size Limited. Since FPW is usually manufactured in batch processes, the overall size 
is limited by equipment constraints. A 30 x 30-in FPW panel, for example, would be 
considered to be quite large. 

e. Handling Damages. Assembly personnel must be thoroughly trained in the care and. 
handling of FPW to preclude damage even prior to actual system use. In some designs, 
bending stresses imposed on the manufacturing line can severely decrease effective life 
of the system. 

Ff. Soldering and Rework. Soldering and rework of the FPW device must be performed 
by experienced personnel to prevent damage to circuits in the form of lifted lands or pads, 
lines, blistering, ete. 


CLASSIFICATION 


The term “flexible printed wiring” encompasses a plurality of separate and distinct types 
of wiring products. In all cases FPW consists of random copper conductors on a flexible 
dielectric base material. The number of copper conductors employed in the design sets 
the class of the product. The generic categories of FPW are identical with those of rigid 
printed wiring products. 

Class I. Single-sided flexible printed wiring 
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Class IL. Double-sided flexible printed wiring 

Class IIL. Multilayer flexible printed wiring 

This section will present definitions and a breakdown of current and potential applica- 
tions of the three classes of FPW and the specifications governing designs and 
performance. 


CLASS I. SINGLE-SIDED FLEXIBLE PRINTED WIRING 


Single-sided flexible printed wiring contains only one conductive plane and m: 
not have an overcoating, here to be referred to as a cover coat. 

The dielectric materials used to manufacture class | FPW products vary with 
intended application. Those generally utilized are vinyls, polyethylene teraphthalate 
(Mylar*), fluorocarbons (Teflon*), flexible epoxy-glass, flexible epoxy-polyester, polyi- 
mides (Kapton*) and fluorocarbon-polyimides, 

If one were to consider use and not shape of the cover coat as a variable, then Class 1 
FPW could be further subdivided in the following manner: 

Class Ia. Single-access uncovered 
Class Lb. Single-access covered 
Class Ie. Double-access uncovered 
Class Id, Double-access covered 
A description of these subclasses is presented below: 


ay Or may 


1, Class la, Single-Access Uncovered Generally, a class 1a product is the least expensive 
type, owing to its basic configuration of a conductor over a base dielectric without a cover 
coat. A typical schematic and cross section of this type of FPW is shown in Fig. 24.1 

4 Applications. Class La wiring is generally utilized in non-strategic environmentally 
protected applications. Interconnections are accomplished by soldering, welding, or 
pressure, A high-volume application of this type of wiring was in the Bell Systems 
Touchtone-Trimline® handset, The early version of that telephone utilized class La wiring 
in conjunction with a rigid board. A subsequent redesign eliminated the rigid board in 
favor of class Ia, double-sided plated-through-hole FPW. Several important characteris- 
tics of the flexible dielectric utilized in the telephone application were that the dielectrie 
required high insul tance, flame retardance, good tear strength, dim ional 
stability, and low cost. For that application an epoxy-polyester material was selected. Itis 


interesting to note in the class Ila version that components were mounted directly on the 
flexible substrate even though the substrate was not bonded to a rigid support member. 


That was accomplished by clamping the FPW in such a way that it was, itself, held rigid 
Application of class Ia and [a FPW in telephones is illustrated in Fig. 24.2. 


2. Class Ib. Single-Access Covered Class Ib FPW is similar to class Ia, but it employs a 
precut cover coat. The customizing of the cover coat may be in the form of clearance holes 
or stopping the cover coat short of the termination area, as shown in Fig. 24-3 (p. 24-8). 


3. Class Ic. Double-Access Uncovered ass Ic FPW permits access to the termination pad 
from either the top or bottom side. To permit that, the base dielectric is fabricated with 
access holes in the pad area. The a s holes may be prepunched on location, etched, or 
mechanically removed from the base dielectric. A schematic representation of class Ie 
FPW is shown in Fig, 24.4. 

4, Applications. Class lc FPW is frequently utilized in high-production applications in 
which inexpensive interconnections are required and mounting from both sides is neces- 
sary. Application quantities should be high, since tooling will be relatively expensive. A 
specific example of the use of class Ic wiring is the interconnection of two rigid boards 
with an intermediate welded connection in a computer core memory application. In this 
application polyamide-imide-rolled copper FPW was used for the interconnection. The 
polyamide-imide material was chemically removed at the termination sites. 


*Trademark of E. I. du Pont de Nemours & Company. The types and properties of flexible materials 
will be covered in the next chapter. 
Registered trade name of the Bell System. 
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4. Class Id. Double-Access Covered Class ld FPW is similar to class Ic, but the cover coat 
has access holes also to permit terminating from either side of the wiring device while 
maintaining a cover coat. Class Id FPW is fabricated from two layers of a dielectric 
material and one metal conductor layer as shown in Fig. 24.5. 

a. Application Class Id FPW devices are the most versatile. They are utilized where 
the cover coat is required for insulation from hardware, environmental ‘protection, and 
insulation from itself and termination access is needed from both sides. 


LINE TERMINATION 


BASE DIELECTRIC 


EZ ZZ 
<< Nae 


THERMOSET OR THERMOPLASTIC BASE 


BASE DIELECTRIC 


SECTION AA 


Fig. 24.1 Class Ia single-aecess uncovered flexible printed wiring, 


Fig. 24.2 The application of flexible printed wiring in telephone handsets, 
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(a) covercoat 


BASE DIELECTRIC 


(c) COVERCOAT sToPPEO SHORT 


Fig. 24.3 Class Ib single-access covered flexible printed wiring. 


CLASS II, DOUBLE-SIDED FLEXIBLE PRINTED WIRING 


Flexible printed wiring which contains two conductive planes which may or may not be 
interfacially connegted is referred to as class IT double-sided flexible printed wiring. The 
applications and advantages of class II FPW are similar to those of single-sided printed 
wiring except for the added advantage of increased wiring density per unit area. The 
subclassification for class II FPW is based upon the existence or absence of interfacial 
connections and cover coating as shown below: 

Class Ila. Noninterfacial connection, uncovered 

Class IIb. Noninterfacial connection, covered 

Class IIc. Interfacial connection, uncovered 

Class Id. Interfacial connection, covered 

As previously stated, the advantages and applications are similar to those of class 1 

FPW, but with increased wiring density. A schematic representation of the class II type of 
wiring is shown in Fig. 24.6. 


CLASS Ill, MULTILAYER FLEXIBLE PRINTED WIRING 


One of the latest achievements in the printed wiring industry has been that of combining 
the advantages of flexible and multilayer printed wiring to form multilayer flexible 
printed wiring (MFPW). The packaging technology provides, among other advantages, 
high-density, three-dimensional circuit interconnection capability in lieu of the conven- 
tional xy planar approach. 
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Multilayer flexible printed wiring is used in the packaging of electronics where high 
electrical performance is mandatory and space and volume are at a premium, as in 
aerospace applications. An example of a high-density MFPW application is shown in Fig. 
24.7, In that avionics computer application, two MFPW boards manufactured from a 
combination of epoxy-glass and polyimide materials are bonded to a heat sink assembly 
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Fig. 24.4 Class Ic double-access uncovered flexible printed wiring. 


which will subsequently interconnect the third-level back panel of the computer with the 
input-output connectors in the black box. Multilayer flexible printed wiring is an end 
product which consists of three or more conductive layers on flexible dielectric bases. The 
bases are bonded to form a monolithic or solid mass, which may have an insulator applied 
over the outer conductors. 
Multilayer flexible printed wiring is further subdivided into the following types: 
Class III, type I. Multilayer wiring constructed on flexible dielectric base materials in 
which the end product is intended to be flexed. 
Class III, type II. Multilayer wiring constructed on flexible dielectric base materials in 
which the end product is not intended to be flexed. 
Class III, type II. Multilayer wiring manufactured from flexible dielectrics in which 
the end product must be formable, but not flexed continuously. 
Class II, type IV. Hybrid printed wiring products manufactured from a combination 
of rigid and flexible materials. 
The applications for multilayer flexible printed wiring has been primarily in military 
black boxes, but it is believed that the packaging concept will be employed in commercial 
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applications in which dielectric performance and high packaging density are required, 
Some theoretical, actual, and potential MFPW applications are discussed in the following 
paragraphs. 


5. Class Ill, Type |. Flexible Base Material; End Product Flexed An MFPW device which must 
have transmission line properties and be flexed in its intended image may be constructed. 
as shown in Fig, 24.8, It consists ofa number of single microstrip FPW’s bounded together 
at the ends but left unbonded in the center section to provide a high degree of flexibility, 
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Fig. 24.5 Class Id double-access covered flexible printed wiring, 
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SECTION AA 
Fig. 24.6 Class IT flexible printed wiring, 


To maintain the desired electrical characteristics such as matching the characteristic 
impedance (Z,) to the rigid boards it interconnects, the MFPW device is designed to have 
a signal over a ground plane in each of the individual wiring layers. To provide a high 
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degree of flexibility, the wiring layers could be coated with a thin, suitable coating such 
polyimide in lieu of a thicker laminated cover coat. Plated-through holes could provid 
the necessary Z-plane interconnections between the flexible wiring layers. This MFPW. 
device is best used where flexibility, increased reliability, and high density are essential 
design requirements. 


Fig. 24.7 Multilayer flexible printed circuit assembly (IBM). 
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Fig. 24.8 Multilayer flexible printed wiring, class UII, type I, 
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6. Class Ill, Type Il. Flexible Base Material; End Product Not Flexed This class of MFPW 
consists of multilayer boards that are fabricated from flexible dielectrical materials pas 
polyimide film but lose their inherent flexibility when laminated. This type of board is 
employed when the design calls for maximum utilization of film dielectric properties such 
as low dielectric constant, uniform dielectric, lower weight, and continuous ‘process 
capability. For example, multilayer boards fabricated from a polyimide film dielectric 
weigh approximately one-third less than a comparable epoxy-glass board. 


7. Class Ill, Type Ill. Flexible Base Material; End Product Formable This type of MFPW is 
manufactured ftom flexible dielectric materials, but because of electrical design con- 
straints such as a conductor resistance requirement, which dictated the use of a heavy- 
weight conductor material, and impedence or capacitance requirements, which called for 
a thick dielectric separation between signals and ground, the end product, although 
manufactured from flexible materials, is formable in its end application. The term “forma- 
ble” is defined as the capability of the MFPW device to be shaped into a desired contour 
and not further flexed in its application. 

Class IIL, type II, MFPW was utilized in an avionics application for intrabox wiring, 
The requirement was for strip-line or tri-plate design with low conductor resistance, an 
extremely low capacitive coupling or circuit noise, and the capability of being formed in a 
smooth-flowing 90° bend at the interconnection end. That wiring task was accomplished. 
by manufacturing the MFPW from polyimide film material because of its high tempera- 
ture resistance, flexibility, and good overall electrical and mechanical properties. A cross 
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Fig. 24.9 Cross section of class III, type III, multilayer flexible printed wiring, 


section of the wiring is shown in Fig. 24.9. To accomplish all the interconnections in this 

section of the box, the wiring was subdivided among multiple multilayer flexible wiring 

evicee and taped together to form a printed wiring hamess. The harness is shown in Fig. 
10. 


8, Class Ill, Type IV. Flexible and Rigid-Base Materials This type of wiring is usually in the 
form of a rigid board which contains integral flexible printed wiring layers. The layers 
may be laminated within the confines of a rigid multilayer board for specific electrical 
requirements or extend about the periphery of the board to provide Z-plane wiring 
capability. This type of wiring is gaining increased use in applications in which ultrahigh 
packaging density, good electrical properties, high reliability, and tight volumetric con- 
straints are essential, 

A series of hybrid MFPW devices were designed for use in a flying military electronics 
application in which weight and volume were of primary importance. To comply with the 
weight and volume constraints, the internal packaging had to be extremely dense. In 
addition to the high circuit density, all signal transmission lines had to be shielded to 
provide a minimum of cross talk or noise. Shielded, discrete wires could not be physically 
or economically packaged in the system. Thus, to provide the interconnections, hybrid 
MFPW was employed. The devices incorporated shielded signal lines in flat, strip-line 
flexible printed wiring as an integral part of the rigid printed board. A schematic represen- 
tation of this class ILI, type IV device is shown in Fig, 24.1la, and the actual board is 
shown in b. At a higher level of operation, after complete fabrication, a 90° S bend was 
formed in the buard to provide the Z-plane interconnection path and provide a stress- 
strain relief to the solder joints during X-, Y-, and Z-plane vibrational stresses. A formed. 
board is shown in Fig. 24.12. 
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INTERFACIAL CONNECTION 


Interfacial connections are most commonly made by plated-through-hole techniques. The 
approach lends itself to mass production and can assure a solderable surface by the use of 
a tin-lead overplate, electroless tin, or a lacquer or flux coating, Other systems such as 
eyelets and brazed tubelets also are 
employed for interfacial connections. The 
proper choice is dependent upon the 
intended application, operating environ- 
ment, and economic constraints. 
In applications in which maximum joint 
reliability is required, an interfacial con- 
nection (class Ie or d) via a plated-through 
hole or tubelet-eyelet is recommended 
over a noninterfacial connection joint. 
‘The schematic in Fig. 24.13 depicts the 
differences in terminating class IIb and 
class Id designs. It is readily apparent that 
the plated-through-hole termination will 
provide a stronger and superior intercon- 
nection joint. 


DESIGN 


9. Interconnection Assessment In assessing 
a potential application for the use of FPW, 
the designer must analyze the interconnec- 
tion task in terms of the following: 

a. Applicability and Feasibility. The inter- 
connection must be analyzed by asking 
these questions: Is FPW feasible? Will 
there still be too many discrete wires 
which cannot be converted after FPW is designed into the system? The questions must be 
answered before proceeding. If feasibility is established, the next question must be 
addressed. 

b. Cost. Assuming an appropriate FPW design, what is the cost differential of the 
approach as compared with discrete wiring? In this analysis the total installed cost of the 
interconnection must be considered, not simply the cost of FPW vs. discrete wiring. 
Another valuable consideration is the number of units to be built, Generally, its high 
nonrecurring start-up costs (artwork, drill programs, drill tapes, tooling, ete.) will elimi- 
nate FPW from small production runs, but it will show a pronounced cost savings in large 
production runs owing to their overall savings in assembly. 

c. Function. Assuming that feasibility and cost considerations favor the use of FPW, the 
designer should evaluate the circuit’s purpose and whether that purpose could be as well 
served by other wiring techniques at a lower cost. For example, the use of many 
individual layers of FPW could be traded off against the use of one multilayer printed 
board. If after a thorough analysis in which the above parameters are addressed and the 
interconnection system favors the use of FPW, the following design considerations should 
be employed. 


Fig. 24.10 Multilayer flexible printed wiring 
harness. 


10. Layout Development By its basic definition, FPW is generally custom-designed for the 
USER Thus the first item that should be generated is the wire list and the physical 
yout. 

a. Wire List. Anyone can generate a wire list in which random points are intercon- 
nected in no orderly manner, That type of layout could suffice for discrete wiring, but it 
could kill a potential FPW design. In the design of FPW, the designer must keep circuit 
crossover points to a minimum to reduce the number of circuit layers. Interconnection 
costs are directly proportional to the number of conductive planes required. Reduce the 
number of layers at points of greatest wiring concentration, as at input or output connec- 
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tors. First, find, identi 


fy, and list all common terminals. Then arrange the layers to 


minimize crossovers at the area of highest density. Continue crossover reductions to less 


dense conductor areas. Various colored pencils 


wiring paths. Once the connections are made with the colored line: 


conductor are evident, and the number of jum 
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can be utilized to interconnect all common 
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Fig. 24.11 (a) Schematic representation of a hybri 
Multilayer flexible printed wiring, class TIL, type IV. 


The following exercise shows how the number of layers can be reduced in the design of 


id multilayer flexible printed wiring device. (b) 


atypical circuit: In Fig. 24.14, a row-by-row analysis of the 12 wires feeding a connector in 


four layers of FPW shows that no conductors 


in row A—one layer of circuitry required— 


cross other conductors in that row, that two conductors from row B—two layers of circuitry 
required—cross two other conductors from that row, and that no conductors in row C— 
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one layer of circuitry required—cross other conductors in that row. 


Fig. 24.14 shows how 12 wires coming from various points on an assembly feed to a 


connector through four layers of flexible circuitry. Figure 24.15 shows one solution to the 


Fig. 24.12 Z-plane interconnection form provided in hybrid multilayer flexible printed board. 
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crossover problem: three layers instead of four at the cost of increased circuit size. Figure 
24.16 shows a better way to get by with three layers of circuitry as compact as possible, 
Figure 24.17 shows the best circuit layout in a single compact layer. Thus the basic 
principle of fanning out from the areas of greatest conductor density to areas of lesser 
density provides the best arrangement mechanically and at lowest cost. 

Shielding may affect mechanical flexibility of the circuit; for as the shielding i 
flexibility usually decreases. For applications that require repeated flexing of single- or 
double-shielded wiring you must determine where the flexing will occur and the number 
of bendings required during the operating lifetime. In complex layouts in which com- 
pound curves and physical interruptions are encountered, as in a high-density electronic 
structure, a paper mock-up of the flexible wiring should be made. The mock-up should be 
used to develop the shape and size of the flexible wiring. This prefitting of the circuitry 


Fig. 24.14 A row-by-row analysis of the 12 wires 
feeding a connector in 4 layers of flexible printed 
circuitry shows that no conductors in row A—one 
layer of circuitry required—cross other conduc- 
tors in that row, that two conductors from row B— 
two layers of circuitry required—eross two other 
conductors from that row, and that no conductors 
in row C—one layer of circuitry required—cross 
other conductors in that row. 


Fig, 24.16 Rearanging the pin layout of the 
assembly not only removes the crossovers in row. 
B to eliminate one layer of circuitry to a total of 
three but makes each layer most compact. 


Fig. 24.15 Solve the crossover problem in row B 
shown in Fig, 24.14 by rerouting the conductors 
from connector pins 6 and 7 to swing around the 
conductors from pins 1 and 2. Interconnection’ 
now requires only three layers of circuitry, but 
the circuit size for the conductor must be 
increased to swing around the end. 


Fig. 24.17 All connections in this final design 
occur in one compact layer. 


can avoid possible mistakes in the original design. An example of a paper mock-up is 
shown in Fig, 24.18, 

b. Pad Desis The pad diameter or shape should always be maximized without 
violating the minimum spacing requirements. If possible, additional bonding area in the 
form of ears should be incorporated in the pad design, but potential shorts should be 
avoided. Flexible wiring pads should always be generously filletted or tear-dropped to 
minimize stress concentrations at the pad-line interface. A variety of pad shapes are 
shown in Fig, 24.19. When applicable, use the following minimum limits: 

s ia When a pad is at least 3x hole size, specify a minimum of 0.005 in of metal around 
the hole. 

2. When a pad is 2x hole size, metal must be visible all around the hole and a 0.005 
in area must be at least 270° around the hole. 
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3. Tie the pads down with ears, but avoid creating shorts. 

4, Fillet or teardrop pad design and fillet all sharp bends to minimize stress 
concentrations. 

5. Specify all hole sizes and hole-to-hole location to +0.005 in tolerance. 


41. Processing Parameters and Tolerances The data in Tables 24.1 to 24.3 are presented as 


a guide to the designer. The values may vary slightly from shop to shop, and should be 
verified. 


TABLE 24.1 Line Widths and Tolerance as a Function of Copper Foil Thickness 


Copper foil thickness, Line width Line and pad tolerance, 
oaift® minimum, in in 
1 0.010 £0,003 
2 0.015 £0,005 
3 0.020 £0,006 
4 0.030 0,008 


TABLE 24.2 Conductor Spacing as a Function of Copper Foil 
Thickness 


Minimum spacing between 
Copper foil thickness ‘conductors (in) 


Bote 
ees 
= 
8 


TABLE 24.3 Minimi 
Copper Foil Thickn 


Edge Distance as a Function of 


Copper foil thickness Minimum edge distance 
od/f in 
1 0.025 
2 0.040 
3 0.050 
4 0.060 


12. Access Windows Access windows should be designed to overlap the pads as much as 
possible to provide additional holddown for the pads, provide strength for the lines, and 
present additional repair cycles. If possible, design the FPW to have all access windows 
on the cover-co: le. The wiring becomes more expensive if access is required from the 
base material side of the flex wiring device. However, if access is required on the base 
material side, it can be accomplished by mechanical or chemical milling (bare padding) or 
by a folding technique which reverses the cover coat clearance side as shown in Fig. 


13. Conductors All design charts and calculations hold only for single-conductor cases. 
The values thus derived must be derated if more than one conductor in a FPW will be 
carrying significant current and contributing to the heat load. A general rule of thumb is 
that single-conductor current capabilities should be derated by 20 percent if two conduc- 
tors will be carrying equal current and by 50 percent if fifteen conductors carry equal 
current. Figures 24.21 to 24.25 further define the current capabilities of flexible printed 
wiring when such factors as number of conductors, conductor spacing, and heat sinking 
are considered. Data for the design charts of Figs, 24.21 to 24.25 were obtained from 
measurements on a standard FPW device with the following parameters, only one of 
which was varied for each series of tests: 
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Conductor material . Rolled copper 

Conductor width... 0.060 in 

Conductor thickness ......... 0.0027 in (2 oz) 

Conductor spacing .. 0.060 in 

Number of conductors . 10 

Insulation thickness - 0.005-in base and 0.005-in covercoat 


All measurements were made with a thermocouple bridge using 0.010-in thermocouple 

wire to reduce heat transfer down the leads to a minimum, Equilibrium was maintained 

before measurement. Location of the thermocouples, unless otherwise specified, was at 
the assumed hot spot (middle of cable span 
and on surface of insulation directly over 
current-carrying conductors). All measure~ 
ments were made at approximately 25°C 
from ambient temperature unless other 
wise specified without previous condition- 
ing of the samples other than standard pro- 
cessing procedures. 


ELECTRICAL DESIGN OF FLEXIBLE PRINTI 
WIRING 


The electrical characteristics of flexible 
printed wiring are controlled by the config- 
uration of the conductors, ground plane(s), 
if any, and the dielectric properties of the 
base and cover coat materials. 
a, Insulation Resistance. Insulation resis 
tance (IR) is one of the most critical param- 
Fig. 24.18 Paper mock-up in the flat, fitted to eters from both a design and materials 
the product or prototype, helps avoid altemations standpoint. IR tests are utilized in deter 


that may be necessary’ when original flexible *#n¢ fi : 
printed wiring design fails to allow for ™ining the raw materials properties, as 
obstructions. well as controlling quality of the end prod- 


uct, since they are indicators of moisture 
and other contaminants commonly found 
in the manufacture and handling of flexible printed wiring. The test is conducted by 
performing IR measurements between conductors on a layer and/or between the layers in 
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Fig. 24.19 Flexible printed wiring pad design. 
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a double-sided or multilayer board after a specified time in a humidity and temperature 
cycle. A voltage of 100 V ac is applied during the test, and measurements are made 
immediately thereafter. 

Cover-coated flexible wiring retain their high-IR values even under severe humidity 
conditions. Wiring that is not cover coated usually retains high-IR values provided the 
surfaces are clean and free from flux, fingerprints, etc. The insulation resistance of a 30-Q, 
polyimide, FPW device of microstrip design and cover coated with a 0.001-in polyimide 
film—phenolic modified polyvinyl butyral adhesive is shown in Table 24.4. The environ- 
mental test cycle is shown in Fig, 24.26. 


TABLE 24.4, Insulation Resistance of 30-0 Microstrip Flexible Printed 
Wiring 
(Average Readings) 


FPW device 
No. Initial, @ x 10" After humidity, © x 10° 


Line to line 


Line to shield 


NOTE I: All after-humidity readings were taken within 0 to 2 h after removal from humidity. 
NOTE 2: Above readings are average for 45 measurements per FPW. 


b, Dielectric Withstanding Voltage. This property of the wiring is dependent upon the air 
density and conductor spacing. The important factor for the designer to consider is the 
potential at which flashover occurs in the air above the conductors. The results in Fig. 
24.27 will serve as a design guide. The de breakdown voltage variation, as a function of 
conductor spacing for cover-coated flexible printed wiring, is shown in Fig, 24,28. The 
test pattem used for this series of tests is shown in Fig. 24.29. As indicated, increasing 
altitude lowers the insulating properties of air, owing to ionization, and thus greater 
conductor spacing is required. 

c. Determination of Conductor Size. The size of a conductor for a given printed wiring 
application is based upon the following parameters: 

Cunent-carrying capacity 

Conductor resistance 

Maximum allowable temperature rise in conductor 
Derating effect of multiple conductors in same wiring 
Effects of mounting on current-carrying capacity 
Fusing current 

Capacitance 

d. Capacitance. Capacitance between adjacent conductors consists of both parallel- 
plate capacitance C, and fringing capacitance Cy, as shown in Fig. 24.30. Parallel-plate 
capacitance is generally negligible, since the conductors are very thin and thus have small 
areas opposing each other. Fringing capacitance is therefore the principal form of distrib- 
uted capacitance between adjacent conductors in flexible printed wiring. Since some 
portion of the fringing field (usually about half) extends into the air outside the thin 
insulation, calculation of exact capacitance depends on thickness and dielectric constant 
of the insulation, dielectric constant of the surrounding medium, widths and thicknesses 
of the conductors, spacing of the conductors, presence of nearby grounds, and frequency. 
(dielectric constants change with frequency). 

Actual measurements are required to obtain accurate capacitance values. However, 
distributed capacitance can be roughly examined by establishing a dielectric constant of 
“median value” which falls between that of the insulating material and that of air. The 
capacitance values calculated by using that approximation serve as guidelines to the 
distributed capacitance which will actually exist in a given circuit configuration, The 
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results of such a calculation are shown in Fig. 24.31. The capacitance per foot at 1 kHz 
between two conductors in flexible printed wiring insulated with 0.005 in of polyester is 
shown. To determine capacitance values for similar flexible wiring with other insulation _ 
materials, multiply the values found from Fig. 24.31 by the proper dielectric constant ratio 
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Fig. 24.20 Reverse-fold termination pro- 
cess to eliminate bare padding. 
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found from Table 24.5. The values shown in Fig. 24.31 assume a conductor pair free from 
the influence of other surrounding conductors or ground planes. 

In practice, the isolation shown in Fig. 24.32a is seldom encountered, and measure- 
ments made between two conductors “guarded” by two other grounded conductors, in b, 
‘chow capacitance values reduced by approximately 20 percent from those found by using 
@. The reduction occurs because some of the fringing flux lines normally joining the 
measured conductors now terminate on the surrounding grounded conductors and there- 
fore do not contribute to the measured value. Capacitance between two conductors was 
even more drastically reduced (about 85 percent) when a grounded conductor was placed 
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Fig. 24.26 Humidity environment test cycle: 
25° to 71°C in 2 h; 71°C at 95 percent relative 
humidity for 6 h; 71° to 25°C at 95 percent 
relative humidity for 16 h; 24 h per cycle. 


between the conductors and grounded conductors also were placed on either side (Fig. 
24.32c). If the guard conductors of b and c are floating rather than grounded, capacitance 
between the measured pair will increase slightly. That situation is seldom encountered in 
practice, since conductors other than spares usually are not floating. 

For some applications it is desirable to find the capacitance between two flat conductors 
which are completely enclosed by the insulation and have their wide surfaces facing each 
other. Figure 24.33 illustrates the geometry of the problem. Capacitance in that case can 
be found using one of the two following relations: 


3.68E, 
10.0 [| 


dielectric separation between conductors, ft 
capacitance, pF/ft 
€, = effective dielectric constant 


Croat = 


pFift 


In this case, the result will be approximately 2 percent high for? <% and approximately 


10 percent high for = = 1 


w s Qrw 
For2>1 Com = 2.7 2 x [1 (1 + 2.308 logis | pFift 


In this case, the result will be approximately 4 percent low for“ = 2 and approximately 


10 percent low for “© = 1. 


w w s Qn w 
For“ > 1 Cnn = 2.7 EB, x [1+ (1+ 2.903 lotr + | pFift 


In this case, the result will be approximately 4 percent low for “2 = 2 and approximately 


10 percent low for 2 =L 
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Figure 24.34 is an approximate guideline to the capacitance between two flat conduc 
tors which are exposed to air on either side of a dielectric layer. Capacitance of flat 
conductors to surrounding metallic shields and/or ground planes is shown in Fig. 24.35 for _ 
standard flexible printed wiring using FEP Teflon* insulation. 
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Fig, 24.27  Flashover voltage in air (Sanders Associates) 
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DESIGN OF FLEXIBLE PRINTED WIRING WITH 
TRANSMISSION LINE PROPERTIES 


Flexible printed wiring has found widespread use in transmission line applications eit 

as a replacement for coaxial wires or in initial designs of high-speed circuits. With the 
advent of LSI devices the use of printed wiring with transmission line properties h 
increased many-fold. This section will provide the designer with sufficient data to 
effectively design flexible printed wiring with transmission line properties. 

The Institute of Printed Circuits defines and explains the term “transmission line” as. 
follows: “‘Transmission line’ is one signal-carrying circuit composed of conductors and 
10, dielectric material with controlled elec- 
2 trical characteristics used for the trans~ 
mission of high-frequency or narrow- 
pulse type signals. ; 
0.0051N COVER Transmission lines are a group of 
COAT AND BASE, electrical interconnections on am 


SPACING he 
| 


wiTHOU’ 


IT frequency applications, usually above: 
COVERCOAT Nahi tao 


50 MHz, In such circuitry the intercon- 

necting metallic conductor is aca 
9.0101 additional electrical characteristics 
af aS BEEE acts as the transmission line waveguide. 
0 5 10 15 20 25 30 35 Two types of such transmission line 

DC BREAKDOWN VOLTAGE , KILOVOLTS configurations are utilized: | “‘micro- 

x strip,” in which the conductor is located 
Fig. 24.28 Breakdown voltage between insulated above a single ground plane (Fig 
conductors (Sanders Associates), 24.364), and “stripline,” in which the 
conductor is located centrally between two ground planes (Fig. 24.36b). Important 
parameters of such conductors are line width, dielectric separation to ground plane, 
dielectric constant of the insulating material, all of which determine the i 
signal propagation, and cross-talk characteristics of the lines. A variety of manufacturing 
techniques can be used to achieve the microstrip or strip-line configuration. The most 
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*Trade name of E. I. du Pont de Nemours & Company. 
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Fig. 24.29 High-voltage 
test pattem (Sanders Associ- 
ates). 
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Fig. 24.32 Typical conductor shield- 
ing effect resulting from “guarding” by 
adjacent grounded conductors: (a) No 
guard conductors, (b) peripheral guard 
conductors, (c) interspersed and periph- 
eral guard conductors. 
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Fig. 24.34 Typical capacitance at 1 MHz 
between two flat conductors exposed to air on 
either side of a dielectric layer. 
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Fig. 24.30 Distributed capacitance between conductors is 
fringing Cy capacitances, 
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Fig. 24.31 Calculated capacitance between 

two adjacent parallel conductors insulated 

with 0.005 in of Kel-F or polyester (heat-seal- 

able); calculated for 2-0z conductors at 1 kHz, 
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Fig. 24.33 Capacitance between two con- 
ductors with large surfaces opposing is 
largely parallel-plate capacitance. 


° 
a 


2999900900 


CONDUCTOR WIDTH, W, INCH 


01 
20 304050 100 200300 
CONDUCTOR -TO~SHIELD 
CAPACITANCE ,PICOFARADS/FOOT 
Fig. 24.35 Typical conductor-to-shield capaci- 
tance for 2-oz copper conductors insulated with 
FEP Teflon. 
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widely used method is multilayer printed boards, although microstrip is also used in 
double-sided flexible printed wiring. The following parameters govern the design of 
flexible printed wiring transmission line devices. 


14, Characteristic Impedance, The single and most important electrical parameter in 
determining the performance of high-speed circuits is the characteristic impedance of the 
conductors. If Zp is controlled, signal reflections which result from the passage of fast 
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EZ, 
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(b) 
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Fig. 24.36 Printed wiring transmission line configurations. 


pulses through an impedance discontinuity or mismatch at the load end of the line will be 
avoided, The characteristic impedance is dependent upon the conductor line width w, 
dielectric thickness h or b, conductor thickness, dielectric constant of the insulating 
medium, and the configuration (microstrip or strip-line) of the device. The general 
ieee for characteristic impedance of any high-frequency transmission line is as 
follows: 


Zo = impedance, 

R = resistance per unit length of line 
inductance per unit length of line 

G = conductance per unit length of line 

w= Wf 

Cc 


capacitance per unit length of line 
If the line is lossless, the equation is simplified: 


IL 
anh 


15. Microstrip Configuration A specific formula for microstrip is the following: 


where h and w are given in the diagram and e, is the effective dielectric constant of the 
material (considering the effect of air). This analytical method disregards fringing effects 
and leakage flux and gives validity to the notion that more reliable values may be obtained 
by measurement. To account for the fringing effects of microstrip transmission line, and if 
the analytical method must be used, the following formula is recommended: 


377 


h 
20 y Jell + Ohimw\(l + In wwih)) 
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If the microstrip line is embedded or covercoated as shown in Fig. 24.37, the Zo values 
will be reduced by approximately 22 percent. Typical values of Zo, for microstrip fabri- 
cated of an epoxy-glass base material having a dielectric constant varying from 6 at 1 kHz 
to 5 at 25 MHz when conductors are exposed to air, are given in Fig. 24.38. 


46. Strip-Lines The characteristic impedance Z, of strip transmission line when w/b >> 
0.35 can be determined by the following relation: 


Zo = (60/Ve,)[In (4b/d,)] 


where do, the effective wire diameter for square configuration, is 0.567w + 0.67t. 

Representative values of Z, for microstrip and strip-line transmission line wiring 
presented in Fig. 24.39. The use of curves to determine strip-line parameters is preferred 
over the more cumbersome methods of calculation. A family of curves that has proved to 
be very useful for that purpose is shown in Fig. 24.40. It is applicable to a wide range of 
copper thicknesses. 

If one were to fix the parameter ¢ at 0.0028 in (2-oz copper), the family of curves could 
be redrawn to show the relations of w and b for various values of normalized characteris- 
tic impedance €, Zo. That family of curves is shown in Figure 24.41, and it is usable for any 
insulating material whose dielectric constant is known or measurable. 

a. Specific Example. The following exercise is presented to familiarize the designer 
with the use of the curves in the solution of a typical design problem given these 
conditions: 

Flexible printed wiring, cover coated 

Zo = 752 

Overall thickness = 0.062 in 

Material = Teflon, €, = 2.1 

1. Determine the proper curve in the family, Since the material has been designated 
as Teflon with an €, of 2.1, the suggested curve would be €,Z» = 110. 

2. Determine dielectric separation b, Knowing that the overall thickness should not 
exceed 0,062 in, the value of b should be set at 0.050 in, The number is based upon the 
epee Desreen id Det pacer 180 
and the expected thickness of two groun 
shields and two cover-coat layers. 170, MERI WORH S " DIELECTRIC 

3. Determine conductor width w. 439 Gree 
The value of w as read from the graph is 
0.017 in. 150 

The construction of the strip-line in 440 S65 
this hypothetical case is shown in Fig. 13 2 Y, 
24.42 (p.24-28). The spacing between 139 
conductors is determined by FPW width, 4 120 . 
electrical parameters, and processing 2 449 
limitations. ea 


90 


80 


17. Capacitance C Capacitance for dou- 70 0, 
ble-sided wiring is determined by the eee 
formula 2.014 | 


9.04 
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COPPER GROUND 
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ELECTRICAL PARAMETERS 


3 

° Se Ore Is oon 5 
SIGNAL CONDUCTOR LINE WIDTH W, MILS 
Fig. 24.38 Characteristic impedance (Z> of micro- 
strip wiring as a function of line width w and dielectric 
thickness /, Conditions: (1) 2-07 copper conductors; (2) 
measurement made at 26°C (room temperature) and 
Fig. 24.37 Schematic repre- room humidity; (3) board material dielectric constant 
sentation of embedded or cover- relatively stable with frequency varying from about 6 at 
coated microstrip FPW. 1 kHz to about 5 at 25 MHz. 
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capacitance, pF/in 
dielectric constant relative to air = 1 
area of smallest electrode, in* 
d= thickness of dielectric, in 
Under normal conditions, lines that are parallel and are separated by 0.062 in on 0.062-in- 
thick epoxy-glass (e, = 5) will have a capacitance of 0.5 pF/in. Corresponding wiring 
fabricated from Teflon* will have a C of 0.3 pF/in. 


24.5 
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Fig. 24,39 Characteristic impedance Z, comparison 
of microstrip and strip-line transmission line wiring 
devices, 
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Fig. 24.40 Graph of Zo versus w/b for various values of t/b. 


“Trade name of E. I. du Pont de Nemours & Company. 
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In multilayer boards, capacitance is calculated by a different formula, although the 
conductors are still capacitively coupled when they physically approach each other in the 
horizontal or vertical direction. An approximate value for the amount of capacitive 
coupling may be calculated by the equation 


where €, = effective dielectric constant 
h = height, in x 10-* 
w = width, in x 10% 
for the configuration shown in Fig. 24.43. 
Microstrip may be used as a single wiring layer or the outside layer of a multilayer 
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Fig. 24.41 Normalized impedance €-Z, as a function of conductor width w and dielectric separation b in 


strip-line configuration. 


board. Strip transmission line may be used either as one or a multitude of wiring layers. 
Capacitance of strip transmission line can be approximated by the equation 


wb 


C= 095 


18. Time Delay The delay in the signal propagation velocity in microstrip line can be 
calculated using the formula: 


Te=1.015Ve, — nsift 


time delay per unit length of conductor 
effective dielectric constant of the transmission line or the dielectric constant 
of the board’s dielectric if the conduction is embedded 


The equation is valid only when the conductor's capacitance is greater than the load 
capacitance that results when switching circuits are added to the line. Embedding 
microstrip lines, as in multilayer printed wiring, makes the circuit appear “electrically 
larger.” That is, a signal takes longer to travel a given distance in the embedded line than 
in the unembedded or pure microstrip line. Therefore, embedding the lines means that 
critical wiring lengths must be reduced 22 percent to maintain the same time delay 
(length embedded = 0.78 x length unembedded). It is apparent that line delays may 
approach circuit delays. Figure 24.44 shows graphically the relation between circuit and 
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line delays. The solid lines represent circuit delays and the broken lines represent 
percents of logic delays: 10, 20, 30, 40, and 50 percent. For a required maximum total 
delay and a given logic delay, the maximum line length can be determined. 


19. Cross Talk Cross talk is the undesirable coupling of energy between signal paths. The 

unwanted transfer of energy between lines results from the capacitive and inductive 

coupling of the lines and is a function of 

TOP COVER TOP SHIELD length of the lines, space between the 

pie AGTNE INSULATION / (2-02 COPPER) lines, and the dielectric constant. The 

phenomenon is often a limiting factor in 

TEFLON X high-speed digital systems in which cou- 

KAPTON i pling between lengths of parallel lines 

CARRIER FILM 5 may be the only alternative to the high 

O17 X207 wiring density which is required. Cross 

caittte ~~ talk between an active line, ie., the line 

— oOve carrying the voltage pulse, and a passive 

ACTIVE OT" line in the vicinity places a spurious 

Cora eet ‘SHIELD pulse on the passive line. If the latter 

i pulse is of sufficient amplitude, it could 

Fig, 24.42 Seventy-five-ohm stripline flexible falsely switch circuits on the passive line, 

Peistes wig Device: Traditionally, before cross talk could be 

calculated it was necessary to calculate or 

measure mutual inductance, mutual capacitance, propagation velocity, and impedance of 

the lines. Analytical methods are unwieldy because of the effect of air on the dielectric 

constant and the uncertainty of fringe field effect, A method that is now available depends 

only on the geometric cross section of the lines and is independent of time, length, and 

voltage. 

For the case of microstrip, then, induced voltage values due to cross talk may be 

calculated by use of the formulas: 


Va(t) = Ke (Vit) — Vi(t — 21-VLC)] 
Veit) = Ket SE - 1VEC) 


where | = length of coupled region 
induced backward voltage as seen at the ends of the coupled region 
induced forward voltage as seen at the ends of the coupled region 
input voltage 
backward cross-talk constant 
Kp = forward cross-talk constant 
t= time, ns 


Kz is always positive with respect to the driving signal; Kp is negative for microstrip and 
will be zero for homogeneous dielectric media. To determine cross-talk constants for any 
system, use line lengths in which 27, is significantly greater than the rise time and use the 
following formulas: 


-—Vrmn_1 
snd anv 


induced backward voltage 
induced forward voltage 
V, = input voltage 


Pulse cross talk is represented by 
Valt) = Kal Vit) — Vi(t —) VLC 
Ks=V; Ki=Vi ViVi 


Empirical values for Ky and Kr are given in Figs. 24.45 and 24.46, A summary of cross-talk 
values is given in Fig. 24.47. 
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20. Attenuation Power may be lost in transmission lines by radiation, heating of the 
conductors, and heating of the dielectric. Heat losses in both the conductor and the 
dielectric increase with frequency. Conductor losses are greater the lower the characteris- 
tic impedance of the cable. The converse is true of dielectric losses. Because of its low 
impedance, the specified printed wiring has an attenuation higher than that of the most 
common coaxial cables. Typical data for 
a frequency range from 1 to 3000 MHz 
are shown in Fig. 24.48. 


MECHANICAL DESIGN FOR HIGH 
BENDING STRESS APPLICATIONS 


In many cases flexible printed wiring is 
utilized for such factors as conformabil- 
ity, weight reduction, and mass termi- 
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Fig. 24.44 Interconnection delay and logic 
delay vs, line length for a dielectric of 4.5. 
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Fig. 24.43 Schematic of mul- 
tilayer printed wiring. 


nation capability as previously described. In those applications, the end uses of the 
devices which are flexible, is quasi-flexible, but in other applications the FPW must 
withstand quite severe bending stresses. This section will provide the designer with basic 
design philosophies in designing FPW to maximize its flex life, 
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0.24 


Nett) 4 


WB 
Pies recs! FIBERGLASS 
5 epoxy | 
DIELETRIC 
F ocorsin<w<o0esin , bieLeTRIc_| 


FIBERGLASS 
EPOXY 


oe mie 
i S055, | 
4s Sogn 
2 . 

Nee! z 

LOS i 
one Soy 
27] 


| 


200, 


35. 


2008: 


titi ti tits thitity 
20 40 60 80 00 120 20 40 60 80 100 120 
SPACING S, IN X 10-> SPACING SIN X10°> 

Fig. 24.45 Back cross talk constant as a function Forward cross talk as a function of 

of spacing. Notes: (1) Lines terminated in Z,, the spacing, Notes: (1) Lines terminated in character- 

characteristic impedance of each line. (2) Curves istic impedance. (2) Curves valid for 0.0075 in 
for 0.0075 in < W < 0.025 in. (3) Copper << W < 0.025 in. (3) Time delay of line = Ty = 

weight is 2 oz (0.0028 in thick). (4) Time delay of 1.8 ns/ft (4) Y(t) = Keld (V(t)] / dt, 

line = Ty = 18 nsfft. (5) Vit) = KpVdt + Ite — 

K.V(t — 1T9. 
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Fig. 24.47 Summary of cross talk measurements. Capacitive cross-talk measurements for various 
configurations of flexible printed wiring. The values in parentheses are in millivolts per foot, and: 
represent the pickup voltage caused by a current of 4 A at 400 Hz in the disturbing circuits (D = 120V, 
460 Hz). Suitable shielding and grounding arrangements can be used to reduce capacitance in various 
configurations of FPN. For example, the capacitance of 5.68 pFift for the configuration shown at the 
far left can be reduced to 0.69 pF/ft by grounding three conductors as shown in the next configuration, 
‘The addition of grounded shields reduces the capacitances still further, as can be noted. The values 
marked with an asterisk are for conductor-to-ground capacitance, The following table shows what 
happens ina specific case using 27 conductors, each 0.003 * 0.042 in, 0.075-in center-to-center spacing, 
and aluminum foil shields. 
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Fig. 24.48 Attenuation of wiring devices. (@) 
Flexible printed wiring with 0.025 x 0.0027 
in copper conductors, spacing between con- 
ductors 0.020 in, polyester dielectric 0.003 in 
thick on top and bottom of conductors, alumi- 
num shield on one or both sides of the cable- 
(b) Coaxial cable type RG-55/V (NASA- 
MSFC, Huntsville, Ala.). 
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In the bending of an FPW device, high stress could be brought forth to the conductors 
as shown in the single-sided case in Fig. 24.49. The most common cause of failure in that 
case is a tensile overstress of the conductor. That factor is further emphasized when 
columnar-structured electrodeposited copper is used. The tensile stress on the “solution” 


‘COMPRESSION SURFACE METAL CONDUCTOR 
BASE DIELECTRIC 


TENSILE SURFACE 
Fig. 24.49 Mechanical design for high-bending-stress applications, 


side of the electrodeposited copper tends to precipitate a crack along the columnar grain 
structure of the foil. On the other hand, rolled copper foil is more resistant to that type of 
failure, primarily for reason of its higher elongation and equiaxial grain structure. A 
comparison of the grain structure of typical electrodeposited sulfate copper and rolled 
copper is shown in Fig. 24.50. 

The bending stress imposed on a conductor is also a function of the distance of the 
copper fibers from the neutral axis of the composite laminate. The neutral axis is approxi- 
mated by the imaginary symmetrical axis of the laminate. The outer fiber stress imposed 
on a copper conductor is proportional to the distance from the neutral axis. The closer the 
copper conductor to the neutral axis the lower the bending stress. That is shown in Fig, 
24.51. Thus the factors which affect bending stress are radius of curvature R, distance 
from the neutral axis d, and modulus of elasticity E of the material. Those parameters can 
be arranged in the following relation: 


The formula says, of course, that the bending stress S, is directly proportional to the 
modulus of elasticity E of the material and the distance d from the neutral axis and is 
inversely proportional to the bend radius R. That relation, when applied to the design of 
flexible printed wiring, states: 

Minimize the bending stress by using low-modulus conductor material, 

Minimize the distance of the conductor from the neutral axis. 

Maximize the radius of circuits of the FPW. 

‘To further increase the flex life, the following factors should be considered: 

a. Cover Coat. A cover coat of proper thickness will place the conductor on the neutral 
or stress-free axis in a single-sided application as shown in Fig, 24.52. The cover coat will 
also add to the overall thickness, which will increase the bend radius with a correspond- 
ing decrease in bending stress, 

b. Rolled Copper. To achieve maximum flex life, the use of rolled annealed copper vs. 
electrodeposited copper should be specified. As indicated earlier, rolled copper has an 
equiaxial grain structure as compared to the stress-susceptible columnar grain of electro- 
deposited copper. Its elongation is higher than that of electrodeposited copper (28 percent 
vs. 19 percent for standard electrodeposited copper in 2-oz weights). 

Oriented Base Materials. If the base material utilized has a fiber orientation, the flex 
ing should be so manufactured that the orientation is perpendicular to the flexing 
direction, as shown in Fig. 24.53. 


E.D. Copper 


Copper Properties E.D. 


Tensile St. (psi) 38,000 33,000 
Elongation (% 2,0 in G.L.) 14 28 
Hardness (K NOOP) 85 55 
Grain Structure Columnar Equiaxed 


Fig. 24.50 Comparison of the grain structure of electrodeposited (above) and rolled (opposite) copper 
foil. (Courtesy R. N. Wild, IBM.) 
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Fig. 24.51 Effect of neutral axis on conductor stress. 
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Fig. 24.52 Effect of cover coat on neutral axis location. 
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Fig. 24.53 Orientation of conductors and material directionality. 
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INTRODUCTION 


The widespread use of flexible printed wiring (FPW) was made possible by the commer- 
cial availability of film and other flexible base materials. The useful applications of FPW 
are steadily increasing, owing to the continuing advances in plastics technology. New 
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films and flexible base materials are constantly being developed for flexible wit 
applications, and their upper temperature limit has risen substantially in recent 
This chapter will discuss the testing methods, types, and properties of plastic 
materials as they relate to FPW applications. 


BASE DIELECTRIC MATERIALS 


Plastic materials may be referred to and subdivided into many different cate; 
classifications, etc., but in general they fall into two major groups: thermosetting materia 
and thermoplastic materials. The present commercially available dielectric mat 
suitable for use in the manufacture of flexible printed wiring, grouped into thermosets 
thermoplastics, will be presented in this section. 


1. Thermoplastic Materials Thermoplastics differ from thermosets in that thermoplasti 
do not cure or set under heat as thermosets do. When heated to a flowable st 
thermoplastics merely soften, and under pressure they can be extended or continuous 
cast into film form. Subsequent cooling will harden the film. Since thermoplastics do n 
cure or set, they can be remelted and rehardened many times by cooling. Thermal 
brought about by repeated exposure to the high temperatures required for mel 
eventually causes degradation of the material and so limits the number of reheat e 
Essentially all thermoplastics are processed by heating to a soft state and applyi 
pressure, as by injection molding, extruding, and thermoforming. 

Thermosets, on the other hand, do not melt. Both thermosets and thermoplasties s¢ 
to varying degrees upon heating, but fully cured thermosets are not usually processed. 
that fashion, Instead, they are cured and chemically cross-linked. Thermoplastics are 
straight-chain polymers rather than infusible, cross-linked polymers. 1 


2. Fluorocarbons Fluorocarbons are used quite frequently in the manufacture of flexib 
printed wiring devices for reason of their excellent electrical properties, which 
relatively unaffected by most environments or operating conditions. The original 

carbon was tetrafluoroethylene, better known as TFE Teflon. Teflon, however, is a Du 
Pont trade name for TFE and FEP (fluorinated ethylene propylene) fluorocarbons. TFE 
was a chance discovery in 1938 by a du Pont research chemist, who temporarily 

some tetrofluoroethylene gas (Freon) in an empty steel cylinder and later found it 
transformed into an insoluble waxy, white powder. The three most commonly used 
fluorocarbons are described in Table 25.1, The TFE fluorocarbons possess optimal 
electrical properties but have the disadvantage of cold flow or creep under loading. FEP- 
fluorocarbon is quite similar to TFE in most properties except that its useful temperature 
is limited to about 400°F (Table 25.2). FEP is much more easily processed then TFE. The. 
CTFE (chlorotrifluoroethylene) material like FEP, is melt-processable. Compared with 
TFE, CTFE has greater tensile and compressive strength within its service temperature 
range. However, at the temperature extremes, CTFE does not perform as well as TFE. — 
Electrical properties of CTFE are generally excellent, but dielectric losses are higher than 
those of TFE. Chemical resistance is poorer than that of TFE, but radiation resistance is 
better. CTFE does not have the low-friction properties of TFE. The formation reactions 
for TFE [polytetrafluoroethylene, (—CF,CF,—),,] and FEP [copolymer of tetrafluoroe~ 
thylene and hexafluoropropylene, (—CF,CF,—CF,CF—CF,) ,] are shown in Fig. 25.1. 

a, Mechanical Properties. As is true of all plastics, especially thermoplastics, the 
mechanical properties of fluorocarbons vary with temperature. TFE fluorocarbon, perhaps 
the most commonly used fluorocarbon in electronics, is a semisoft plastic which exhibits 
some cold-flow properties. TFE and FEP are unique in their ability to retain a useful 
balance of flexibility and strength over a wide temperature range. TFE plastics are 
superior in their combination of toughness, flex resistance, and general abuse resistance. 
The hardness of TFE as a function of temperature is shown in Fig. 25.2. The tensile 
strength of TFE and FEP as a function of temperature is shown in Fig. 25.3. The overall 
mechanical properties of TFE as a function of temperature are shown in Table 25.2. Linear 
thermal expansion of TFE and FEP as a function of temperature is shown in Fig. 25.4. 
The mechanical properties of TFE and FEP at low temperatures are shown in Table 25.3. 


TABLE 25.1 Applications and Forms of Common Fluorocarbon Materials 


Typical suppliers and trade 
names 


Common available forms 


Extrusions, isostatic moldings, 
injection moldings, film, stock 


Major application considerations 
shapes 


Excellent electrical properties and relatively good 


Material 


3M Co. (Kel-F); Allied Chemi- 
cal Corp. (Plaskon CTFE) 


mechanical properties. Somewhat stiffer than TFE and 


FEP fluorocarbons, but does have some cold flow. 
Widely used in electronics, but not quite so widely as 


TFE and FEP. Useful to about 400°F. 


(CTFE) 


a. Chlorotrifluoroethylene 


Fluorocarbons 


Du Pont (Teflon TFE); Allied 
‘Chemical Corp. (Halton TFE) 


Du Pont (Teflon FEP) 


Extrusions, injection moldings, 


laminates, film 
Compression moldings, stock 


shapes, film 


ically one of the most outstanding thermoplastic 
Exhibits very low electrical losses and very 
but relatively weak in cold-flow properties. Nearly inert 
chemically, as are most fluorocarbons. Very low coefii- 


as 
i a iy 
Fl 
segs Paras 
an dl 
PATH 
u Eos g 
Feil 
e quits % 
Bigitayiaes 
id 
" 
AT 
335 
HE 


25-4 Flexible Printed Wiring 


POLYMERIZATION OF TFE RESINS 


POLY MERIZATION OF FEP RESINS 
TFE (TETRAFLUOROETHYLENE) 


TFE (TETRA HEP (HEXA- 
FLUOROETHYLENE) FLUOROPROPYLENE 


TFE MOLECULES JOIN TO FORM, 
JOIN TO FORM P-TFE FEP (FLUORINATED 
(POLY TETRAFLUOROETHYLENE) ETHYLENE PROPYLENE) 


{ 


Fig. 25.1 Polymerization of Teflon® fluorocarbon resins. 


b, Electrical Properties. Fluorocarbons have excellent electrical properties. TFE and 
FEP fluorocarbons in particular have low dielectric constants and dissipation factors _ 
which change little with temperature or frequency. That is shown in Figs. 25.5 and 26.6, 
which also present data for some other thermoplastics. The dielectric strength of TFE and 
FEP resins is high and does not vary with temperature and thermal aging. Initial 


TABLE 25.2 High-temperature Mechanical Properties of TFE Fluorocarbon Resins* 


‘Temperature* 


219 F 
Property T2F (23°C) (100°C) 


Ultimate tensile strength, psi 3850 2500 
Yield strength, psi 1050 at 2% 400 at 2% 
Ultimate elongation, % 300 >400 
Flexural modulus of 
elasticity, psi 80,700 
Flexural modulus of elasticity 
(35% glass-reinforced), psi 208,700 
Compressive stress, 1% 
strain, psi 700 
Compressive stress, 5% 
strain, psi 
Compressive stress, 5% strain 
(15% glass-reinforced), psi 1300 
Linear expansion, in/(in)CF) 6: 6.90 x 10 
Linear expansion, % \ 09 
Linear expansion (35% glass- 
reinforced), % \ 0.15 
Coefficient of friction 0.04 over temperature range 80 
621°F for static loads 


*These values are typical of those for “Teflon” TFE-fluorocarbon resin. Variations may be expected 
from the values shown depending on the type of TFE resin used, methods of molding, and fabrication 
techniques employed. 
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T rat 
TEST METHOD PER ASTM D1706~61 


SHORE D HARDNESS 


180 4140 ~100 -60 -20 20 60 100 140 180 220 260 300 
TEMPERATURE , °C 

292-220-148 -76 -4 68 140 212 284 356 428 S00 S72 
TEMPERATURE, °F 


Fig. 25.2 Hardness of TFE fluorocarbon as a finetion of temperature. 


dielectric strength is very high as measured by the ASTM short-time test. As with most 
dielectric materials, the value drops as thickness of the specimen increases, as shown in 
Fig. 25.7. Further the dielectric strength is a function of frequency, as noted in Fig, 25.8. 
Life at high dielectric stresses is dependent on corona discharge, as shown in Fig. 25.9, 
The absence of corona, as in special wire constructions, permits very high voltage stress 
without damage to either TFE or FEP resins. Changes in relative humidity or physical 
stress imposed upon the material do not diminish life at those voltage stresses. 

Surface are resistance of TFE and FEP resins is high, and it is not affected by heat 


NYLON 
DEGRADES IN AIR ABOVE 
‘ [200°¢] ) 


TENSILE STRENGTH, PSI 


v 
POLYETHYLENE 


100 200 300 350 

TEMPERATURE ,°C 

22 392 572 «662 
TEMPERATURE, °F 


Fig. 25.3 Tensile strength of TFE, FEP, polyethylene, and nylon as a function of temperature. 
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FABLE 25:3 “Strength Properties of TRE and FEP Fiuorocarbons at Low Temperature ABLE 25.3 Strength Properties of TFE and FEP Fluorocarbons at Low Temperature (Continued) 


TFE FEP 
Filled Filled, 
25% 


Filled 


Mechanical 
property: 


glass 
Tensile yield Unfilledt fiber 


183 165 
173 185 


psi x 10% 


aging. When the resins are subjected to a 
surface arc in air, they do not track or form a 
carbonized path. When tested by the proce- 
dure of ASTM D 495, they pass the maxi- 

mum time of 300 s without failure. 
The unique nonstick surface of the resins 
helps reduce surface are phenomena in two 


Tensile 
modulus, 
psi x 10°* 


EXPANSION, % 


° 


LINEAR THERMAL 


1 
ake 


ways: 
RES GL 1. Ithelps prevent formation of surface 
TEMPERATURE ,°F conkiatiination and thereby reduces the 

254 Li ion of possibility of arcing, ‘ 
Te and FEP fuoroccbone:aaRimaton 2. Ifan are is produced, the discharge 
of tetpensitiee frequently cleans the surface of the resins 
creases the time before another are. 


Elongation, % 


8 


— an 
Flexural Volume resistivity (10° Q-cm) and surface resistivity (10" O/sq) for both FEP and TFE, 
neath : resins are at the top of the measurable range. Neither resistivity is affected by heat aging 


x10" 
pene or temperatures up to recommended service limits. 
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Fig. 25.5 Effect of frequency on (a) dielectric constant and (b) dissipation factor of several thermo- 
plastic materials at 23°C. 
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¢, Environmental Properties. There has been much discussion of the presence of oxygen, 
The following major findings resulted from a study made by Du Pont. 

1. TFE in air: 

a. Has a damage threshold in the range of 2 to 7 x 10* rad. 

b, Retains 50 percent of initial tensile strength after a dose of 10® rad. 

¢. Retains 40 percent of initial tensile strength after a dose of 10? rad or more. 

d. Retains ultimate elongation of 100 percent or more (adequate for flexible wire) for 
doses up to 2 to 5 x 10° rad. 

2. TFE in vacuum: 

a, Has a damage threshold in or above the range 2 to 7 x 10° rad. 

b. Retains 50 percent of initial tensile strength after a dose of 10 rad or more. 

¢. Retains 40 percent of initial tensile strength after a dose of 8 x 10* rad or more. 

d. Retains ultimate elongation of 100 percent or more for doses up to and probably 
beyond 2 to 5 x 10® rad. 

3. FEP in air will tolerate a dose 10 to 100 times larger than TFE in air. 

4, FEP in vacuum will tolerate a dose up to 10 times larger than TFE will tolerate in 
vacuum, 

5. Testing in air after vacuum irradiation does not necessarily yield a true measure of 
radiation tolerance in the absence of oxygen. 

6. The radiation tolerance of TFE and FEP is at least as good as that of some common 
electronic components, transistors in particular. 

7. The radiation tolerance of TPE and FEP is much greater than that of man. 

8. Since radiation produces electric charge distributions in the resin which decay 
with time, dielectric properties are a function of dose rate and exhibit transients. The low- 
frequency loss properties of TEF polymers are drastically affected by X-ray irradiation; 
the high-frequency loss properties considerably less so. The increases in dielectric 
constant and dissipation factor depend on the ambient oxygen concentration during 
exposure and recovery. The dielectric constant and dissipation factor of FEP remain 
unaffected by X-ray irradiation in vacuum at frequencies from 60 Hz to 100 kHz. 


50 
gs aol. [snow 
30 se 2 
ue ee = 800f DIELECTRIC STRENGTH 
ert TE She 1/16-IN BREAKDOWN 
32 122 212 302 392 482 S72 Eg LE ay 
TEMPERATURE °F B= 400 
4 
10 BB 
2 62 200 
fa 5 04 L a = 
g 
EO OOF Soest 5 fo 10 107 10 10° 108 
Be Goorf FER (i070 10.600 crcves) FREQUENCY, HERTZ 
6 ss a TFE (10070 10,000 crcLes)) 


0.00 Fig. 25.8 Dielectric strength of TFE 


a 
22 212 302 392 482 S72 in $ ic 

EEE eS resins as a function of frequency. 
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Fig. 25.7 Short-term dielectric strength of TFE fluorocarbon as a function of thickness. 
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9. Teflon TFE and FEP resins will not evaporate in a vacuum of 107 mm Hg. 
Theoretical calculations show that they will not evaporate in any anticipated space 
vacuum to an extent that would limit their usefulness. Although some outgassing occurs 
initially, all the volatiles are adsorbed atmospheric gases. 


g 


T T 
TFE IN VACUUM OR OL WITHOUT CORONA 


‘SPOT TESTS INDICATE THAT FEP RESINS HAVE 

|_ SIMILAR VALUES TO TFE RESINS,1/2 IN. ___| 

STAINLESS ~STEEL ELECTRODES,1O- MIL 
‘SAMPLES 


SD 


@ 
fe) 


DIELECTRIC 
STRENGTH, VOLTS/ MIL. 


& 


‘TFE AT ATMOSPHERIC CONDITIONS WITH CORONA 
(50% R.H.,23°C) 
L 


On 1.0 10 100 1000, 
HOURS TO BREAKDOWN 


Fig. 25.9 Insulation life vs. continuously applied voltage stress for TFE and FEP fluorocarbons. 


3. Nylon, Nomex The common nylons (polyamides) are not generally utilized in flexible 
printed wiring applications, since they are poor in electrical performance after exposure to 
humidity conditions. However, Nomex, a relatively new, high-temperature nylon with 
good overall properties, is finding increased use in flexible printed wiring. 

Nomex is Du Pont's registered trademark for high-temperature-resistant nylon fibers 
and papers. Nomex nylon has strength and toughness characteristics like those of the 
familiar nylon 66 used, for example, in tires, but it differs, because of its aromatic mole- 
cular structure, in several major characteristics: 

1. Outstanding thermal and chemical stability. (At 250°C the melting point of nylon 
66, Nomex still retains 60 percent of its room-temperature tensile strength.) 

2. Will not melt or support combustion. 

3. Initial modulus (resistance to deformation) about four times as great as nylon 66, 


Nomex paper is composed of two different forms of the same polymer, short fibers (floc) 
and smaller fibrous binder particles (fibrids) as shown in Fig. 25.10. After processing on 


Fig. 25.10 Components of Nomex® nylon paper: (a) one-quarter-inch floc fibers (medinm magnifica- 
tion); (b) fibrid binder particles (highly magnified). 
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conventional papermaking equipment, the two constituents are permanently bonded 
together. No additional binders, filler, or sizes are used. 7 

Nomex paper is available in calendered (type 410) and uncalendered (type 411) forms, 
Type 410 paper is available in a wide range of thicknesses from 0.002 to 0.030 in. The 
specific gravity of type 410 paper ranges from 0.75 to 1.1, depending on thickness. The 
paper is relatively nonporous, and its color may range from white to buff. Type 411 paper 
also is available in a range of thicknesses from (0.006 to 0.042 in. It has a relatively porous 
structure (specific gravity about 0.3) which is useful in certain applications where a soft, 


compressible, nonconducting packing or cushioning material is required or where the _ 


insulation must be completely impregnated with a resin and mechanical properties are of 
secondary importance. Nomex paper is recognized by Underwriters Laboratories as a 
220°C material, and it conforms to MIL-I-24204 as a 220°C insulating material. 

a, Electrical Properties. Important electrical properties of Nomex type 410 paper at room 
temperature and 50 percent relative humidity are shown in Table 25.4. The volume 
(Q-em) and surface (/sq) resistivities of Nomex paper at room temperature are better 
than 10". Those values decrease with increasing temperature, but they still exceed 10 at 
250°C. 


TABLE 25.4 Typical Electrical Properties of Nomex® Type 410 Nylon Papers 


‘Thickness, in 
Property 0.002 0.003 0.005 0.007 00100015, 


Dielectric Strength, V/in x 10% 


500 600750. 750 800700 
600 
500 


Dielectric constant, 10° Hat 20 21 23 25 26 30 33 a4 
Dissipation factor, 10° Het 007 00080100012 ___—OIA__—001G__— 018 __ 0020 


"ASTM D-149, using 2+n-diameter electrodes 
1ASTM D-150, using I-in-diameter electrodes under 20 psi pressure 


The resistivity of Nomex nylon paper is independent of thickness, as shown in Fig. 
25.11, The dielectric constant and dissipation factor of Nomex type 410 paper increase 
slightly up to 250°C. The values for a range of frequencies and paper thicknesses are 
illustrated in Figs. 25.12 to 25.15. The dielectric strength of Nomex paper is unaffected by 
variations in temperature up to 225°C and remains at about 95 percent of its room 
temperature value at 250°C. 

Nomex paper also retains good electrical properties in the presence of moisture, as 
shown in Table 25.5. The dielectric strength is essentially constant for Nomex papers 
conditioned at 0 and 95 percent relative humidity. Dielectric constant, dissipation factor, 
and volume resistivity are slightly affected over this same range. 

In common with all other insulating materials, Nomex paper is gradually eroded under 
attack by corona discharges. Figure 25.16 el 107 
shows the effect of corona on the dielectric life ra 
of Nomex relative to several other insulating 
materials, At stress levels from 200 to 400 V/ 
mil the voltage endurance of Nomex is inter- 
mediate between values obtained for two inor- 
ganic type insulating materials. The data were 
obtained in an accelerated test, at a frequency 
of 360 Hz, as described in ASTM 2275. At a 
frequency of 60 Hz, the average life of Nomex 
type 410 paper, at a stress of 400 V/mil, is 
approximately six times that at 360 Hz. Mea- 
surements were made on 0.010-in specimens 
at room temperature and 50 percent relative 080 100 150 200 250 
humidity, The corona inception levels in this TEMPERATURE, °C 
electrode assembly, for all materials evalu- Fig. 25.11 Resistivity vs. temperature 
ated, were in the range of 80 to 110 V/mil. for Nomex* type 410 nylon paper. 
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TABLE 25.5 Electrical Properties of Nomex® Nylon Paper vs. Relative Humidity 
(10-mil, Type 410 paper) 
Relative Dielectric Dielectric Dissipation 
humidity, strength, V/ constant, Volume 
% in x 10% resistivity, Q-cm 


Oven dry 750 2 M 6 x 10" 
50 720 § . 2x 10% 
95 690 Y 2x10" 


b. Mechanical Properties. Typical physical properties for various this sses of Nomex 
type 410 nylon paper at room temperature and 50 percent relative humi are shown in 
Table 25.6. Since Nomex paper is anisotropic, its tensile and tear properties are listed for 

30miL 


SS eee 
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50 100 150 200 250 50 100 6150 6200 250 
TEMPERATURE °C ‘TEMPERATURE ,°C 
Fig. 25.12 Dielectric constant vs. tempeniture Fig. 25.13 Dielectric constant for various thick- 
for Nomex® 0,010-in type 410 nylon paper. nesses of Nomex® type 410 nylon paper at 10* Hz. 
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Fig. 25.14 Dissipation factor ys. temperature for Fig. 25.15 Dissipation factor for various thick- 
Nomex® 0.010-in type 410 nylon paper. nesses of Nomex® type 410 nylon paper at 10° Hz, 
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both the machine direction (MD) and the cross direction (XD). The tensile strength of 
type 410 paper decreases gradually with increasing temperatore, but it remains at about 
two thirds of its room-temperature value at 225°C (Fig. 25.17). Figure 25.18 shows that the 
break elongation is also essentially constant up to 200°C. Retention of excellent physical 


TABLE 25.6 Typical Physical Properties of Nomex® Type 410 Nylon Paper 


Thickness, in 
Property 0.002 0.003 0.005 0.007 0015 0.020 
Tensile strength, !b/in 


Elongation, % 
Elmendorf tear, g 
Finch edge tear, Ib/in 
Shrinkage at 300°C, % 


SESESESEE 


‘Thermal conductivity, 3 
Btu in(hrXfe)°F) 0.78 : 
Basis weight, oziy¢? eS Ce ee oe ees ee 23 

MD = machine direction 

XD = cross machine direction 


properties at operating temperatures enables type 410 paper to withstand the mechanical 
stresses and vibration often encountered in electrical machines. Because of its nature 
(low-density, uncalendered) type 411 paper has less strength and toughness than Nomex 
type 410 paper. Typical physical properties for various thicknesses of Nomex type 411 
paper are shown in Table 25.7. 


TABLE 25.7 Typical Physical Properties of Nomex® Type 411 Nylon Paper 
Thickness, in 
0.016 


16 


Property 
‘Tensile strength, Ib/in 
Elongation, % 


e 
& 


Elmendorf tear, s¢ 


XD 
Finch edge tear, Ibin MD 

XD 
Shrinkage at 240°C, % MD 

XD 
Basis weight, oalyd? 


MD = machine direction 
XD = ernss machine direction 
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Nomex paper also exhibits good dimensional stability. The shrinkage of type 410 paper 
is less than 2 percent at 300°C in both the machine and cross direction (Table 25.6). 
Although type 411 paper does not have the dimensional stability at 300°C of type 410, it 
has a shrinkage of less than 2 percent in either direction at temperatures up to 240°C 
(Table 25.7). Dimensional changes due to increasing relative humidity are less than 1 
percent at 65 percent RH and less than 2 percent at 95 percent RH for Nomex type 410 
nylon paper, as shown in Table 25.8. 

¢. Thermal Stability. The usefulness of Nomex high-temperature-resistant nylon paper 
in the electrical industry stems largely from the paper's capability of maintaining its 
excellent combination of electrical and mechanical properties over long periods of contin- 
uous exposure at high temperatures. That is illustrated in Figs. 25.19 to 25.21, which 
reflect the usual linear relation between the logarithm of the aging time and the reciprocal 
of the absolute temperature. The lines and their corresponding equations were obtained 
from statistical analysis of the properties of Nomex paper which had been exposed for 
various lengths of time (up to one year) at 260, 280, 300, and 320°C. Conversion of the 
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Fig. 25.17 Tensile strength vs. temperature for 
Nomex® 0.010-in, type 410 nylon paper. 
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25.18 Elongation temperature for 
Nomex” 0.010-in, type 410 nylon paper. 
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Fig. 25.19 Useful life vs. temperature for Nomex® 0.010-in, type 410 nylon paper. 
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normal symmetrical confidence limits for the measured electrical and mechanical proper 
ties into limits for time as a function of temperature results in the asymmetrical curves _ 
shown in the figures. Extrapolation of the data to lower temperatures (dashed lines) 


qaete ae Dimensional Stability of Nomex® Type 410 Nylon Paper to Changes in Relative 
jumidi 


py ee 0.010-in Paper 


humidity, 
%e 


XD = cross machine direction 


indicates that Nomex nylon paper can be expected to maintain a dielectric strength of at_ 
least 300 Vimil, as well as approximately 50 percent of its initial tensile strength and break 
elongation, after 10 years of continuous service at 220°C. Thus the indicated long-term 
temperature resistance of Nomex paper exceeds the minimum requirements for class H_ 
materials (continuous operation at 180°C). 
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Fig. 25.20 Useful life vs. temperature for Nomex® 0.010-in, type 410 nylon paper. 
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Fig. 25.21 Useful life vs. temperature for Nomex® 0,010-in, type 410 nylon paper. 


d. Chemical Resistance. The basic chemical structure which is responsible for the 
thermal stability of Nomex nylon paper also gives the paper outstanding stability and 
resistance to attack in the presence of chemicals. Table 25.9 shows the effects of some 
commonly encountered acids, alkalies, and halogenated hydrocarbons at room tempera- 
ture and elevated temperatures on the tensile strength of Nomex. 

Exposure of Nomex nylon paper to the common solvents such as ketones, alcohols, and 
hydrocarbons has no effect on the mechanical properties of the paper. In addition, the 
solvents have no discernible effect upon the dimensional stability of the paper either at 
room temperature or after subsequent exposure at 285°C. 


TABLE 25.9 Chemical Resistance of Nomex® Nylon 


Tensile strength 
Chemical C i retained, % 


10% H.SO, 

10% H.SO, 

70% HNO; 

10% NaOH 

10% NaOH 

Freon F-11®, F-12%, F-22° 
Freon F-11 

Freon F-12 

Freon F-22 

Askarel 
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TYPE H KAPTON POLYIMIDE FILM 


oe CARBONYL GROUP 


hydrated to yield a high-molecular-weight 
polyimide. Many variations and properties 
are possible by using a variety of ami 
pounds. In the case of Kapton,* 4,4" 
diphenyl ether, R is used as the aan 
amine, The reaction proceeds as shown 
— Fig 2525, The resultant compound in 
° form, is transparent, amber-colored, flex<il 
SARBONO GROUP! faiveaecistent,, and’ iabsibia (ame 
1500°F). It possesses excellent chemi 
resistance (except for strong inorganic 


to IMIDE BONDS 


Fig. 25.22 Polyimide structure. 


factor, are excellent and remain constant over a wide range of temperature and freque 

The development of polyimide film materials has provided the necessary impetus to 
design and manufacture of FPW devices. Shortly after and coincidentally with the 
introduction of this excellent engineering thermoplastic, FPW took a big jump in applica-_ 
tions varying from complicated aerospace computers to camera interconnections. The 
properties of Kapton polyimide film are as indicated below. 

a, Physical and Thermal Properties. The polyimide films retain their physical properties 
over a wide temperature range. They have been used in field applications in which the 
environmental temperatures have been as low as —269°C and as high as 400°C, but most 
of the data fall in the —195 to 200°C range. Summaries of the physical and thermal 
properties of Kapton polyimide film are given in Tables 25.10 and 25.11, respectively. 


“Kapton is a registered trademark of E. I, du Pont de Nemours & Company. 
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Fig. 25.23 Polyimide formation reaction. 


‘Test method 


ASTM D-882-64T 
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TABLE 25.10 Typical Physical Properties of Kapton Polyimide Film 


25,000 psi 17,000 psi 
10,000 psi at 3% 6000 psi at 3% 


35,000 psi 


Ultimate tensile strength, MD 


Yield point, MD 


8500 psi 
90% 


13,000 psi 


0% 


Stress to produce 5% elongation, MD 


Ultimate elongation, MD 


Tensile modulus, MD 
Impact strength 


2% 


260,000 psi 


510,000 psi 430,000 psi 


Du Pont Pneumatic Impact Test 
ASTM D-2176-63T 

ASTM D-1922-61T 

ASTM D-1004-61 

ASTM D-774-63T 

ASTM D1505-63T 

ASTM D-1894-63 


6 kg-cm/in x 10 
10,000 cycles 
510 gin x 107 


8 glin x 107 


‘Tear strength, propagating (Elmendorf) 
Tear strength, initial (Graves) 
Bursting test (Mullen) 


Folding endurance (MIT) 
Density 


Eneyclopaedic Dictionary of 
Physics, Volume 1 


75 psi 
1.42 glee 
0.42 
178 


Coefficient of friction kinetic (film-to-film) 
Refractive index (Becke line) 
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TABLE 25.11 Typical Thermal Properties of Kapton” Polyimide Film 


Property “Typical values ‘Test condition ‘Test method 


‘Melting point None 
Zero strength 815 20-psi load for 5 s Hot bar (Du Pont test) 
temperature: 
Coefficient of linear 2.0% 10inMin°C)  (-) 14°C to 38°C ASTM D-696-44 
expansion 
Coefficient of thermal 3.72 10 calkem/ — 25°C. Model TC-1000 
conductivity (em )(s)C) Twin Heatmaster 
3,89 10 cal-em/ 75°C Comparative Tester 
(em*)(s)CO) 
4.26 X 10 calem/ — 200°C 
(cm?\\s)°C) 
4.51 x 10" cal-em/ 300°C 


{em*)(s)PC) 
Specific heat 0.261 
Flammability Self-extinguishing 
Heat-sealable No 


call(g)PC) Differential calorimetry 


b. Tensile Stress-Strain. A series of tensile stress-strain curves for 0.001-in polyimide 
film as a function of temperature is shown in Fig, 25.24. 

The usual values of tensile strength, tensile modulus, and ultimate elongation at various 
temperatures can be obtained from the typical stress-strain curves shown. Such properties 
as tensile strength and modulus have an inverse relation with temperature, and elongation: 
peaks to a maximum value at 200 to 250°C. Other factors such as humidity, film thickness, 
and Instron elongation rate were found to have only a negligible effect on the shape of the 
25°C curve. 

c. Hydrolytic Stability. Kapton polyimide film is made by a condensation reaction; — 
therefore, its properties are affected by water. Although long-term exposure to boiling 
water, as shown in Figs. 25.25 and 25,26, will reduce the level of film properties, sufficient ~ 
tensile and elongation remain to ensure good mechanical performance. A decrease in the 
temperature and the water concentration will reduce the rate of Kapton property reduc- 
tion, and higher temperatures and pressures will increase it. 

d, Dimensional Stability. The dimensional stability of Kapton polyimide film depends 
‘on two factors: the normal coefficient of thermal expansion, and the residual stresses 
placed in the film during manufacture. The latter cause Kapton to shrink on its first 
exposure to elevated temperatures as indicated in the bar graphs in Fig. 25.27. Once the 
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Fig. 25.24 Tensile stress-strain curves of Kapton® polyimide film. 


Flexible Printed Wiring Materials 25-19 


TENSILE 
STRENGTH , ksi 


rare reread a 1 fm 
600 1,200 14800 2400 3000 600 1200 1800 2400 3000 
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Fig. 25.25 Tensile strength of Kapton® poly- Fig. 25.26 Ultimate elongation of Kapton® 
imide film after exposure to water at 100°C. .001-in, type H polyimide film after exposure in 
water at If Me 


35; 


TABLE 25.12 Thermal Coefficient of 
Expansion of Kapton” Polyimide Film 
Thermally Expos 


‘Temperature range, K, in/(in)(°C) x 10° 


% SHRINKAGE 


Fig. 25.27 Residual shrinkage vs. expo- 
sure temperature and gauge for 0.001-in, 
type H Kapton® polyimide film. 


film has been exposed, the normal values for thermal expansion listed in Table 25,12 can 
be expected. 

‘The dimensional changes of the film as a function of temperature and orientation and 
after etching in ferric chloride are shown in Tables 25.13 and 25.14. The shrinkage rates of 


TABLE 25.13 Dimensional Changes of Kapton® Polyimide Film at 150°C and After Etching 
0.001-in film 
ww 
Conditioning XD MD 
150°C for 30 min 0.29 
150°C for 30 min + 0.09 
recycle 150°C for 30 
min 
Etchant (FeCl) 
150°C for 30 min + 
etchant 


MD = machine direction 
XD = cross machine direction 
TABLE 25.14 Dimensional Changes of Kapton® Polyimide Film at 250°C and After Etching 
0.001-in film 0.002-in film 
20 Mean 20 
MD XD MD XD MD xD 


0.46 . 226 226 0.48 0.80 
0.12 . 0.00 «0.02 «0080.16 


0.48 051 0.16 0.26 
007 008 016 0.18 
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Fig. 25.28 Shrinkage rate of Kapton® polyimide Fig. 25.29 Shrinkage rate of Kapton® polyimide 
film at 150°C in machine direction. film at 150°C in cross-machine direction. 


Kapton in the machine direction (MD) and cross machine direction (XD) at 150°C are 
shown in Figs. 25.28 and 25.29. The dimensional change of Kapton film in the MD and 
XD as a function of relative humidity is shown in Fig. 25.30. 


4. Cutthrough and Cold-tlow Film Most organic films exhibit a tendency to flow or thin out 
under high compressive stresses, especially at elevated te:nperatures. Kapton polyimide 
film possesses an extremely high resistance to such stresses. Test procedures described in. 
ASTM D-876-61 have been adapted to flat films to provide the data in Figs. 25.31 and 
25.32, poe range from an infinitely high point load to 12,000 psi at cut-through for a 
0.001-in film. 

Kapton polyimide film is subject to oxidative degradation. Therefore, its useful life isa 
function of both temperature and oxygen concentration in the test environment. The 
effect of those factors is shown in Figs. 25.33 to 25.36 and Table 25.15. 


6. Electrical Properties of Kapton Polyimide Film The most common electrical properties of 
Kapton polyimide film in various gauges are given in Table 25.16. They are measured at 
25°C and 50 percent relative humidity. The effects of such factors as humidity, tempera 
ture, and frequency on these basic values are shown in forthcoming tables. 


8 
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240°C /MINUTE 
TEMPERATURE RISE 


1/2 °C/ MINUTE. 
‘TEMPERATURE RISE" 


4 3. 4 5S 
FILM THICKNESS ,MILS. 


CUT-THROUGH 


TEMPERATURE, °C 


0.2 MIL/IN/DIV —> 


10 20 30 40 50 
RH. — Fig. 25.31 Cut-through temperature of Kapton® 
Fig. 25.30 Dimensional change of Kapton® polyimide film vs rate of temperature rise and 
polyimide film vs. relative humidity. gauge. 
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Fig. 25.32 Resistance to cutthrough tempera- Fig. 26.33 Tensile strength of 0.001+ a 
ture of Kapton® polyimide filmvs.temperature. _polyimide'film vs. Bean BOP 8 Repton 
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Fig. 25.34 Ultimate elongation of 0.001-in Kap- Fig. 25.35 Weight loss of 0.001-in Kapton® 
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a. Effect of Humidity. Because the water content of Kapton polyimide film can affect the 


film’s electrical properties, electrical measurements are presented for 0.001-in film after 
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Fig. 25.36 Isothermal weight loss of 0.001-in Kapton® polyimide film. 
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exposure to environments of various relative humidities at 25°C ‘The amount of moisture 
absorbed in Kapton polyimide film depends upon the relative humidity, as shown in Fig. 
25.37. Table 25.17 shows the effect of humidity on the electrical properties of Kapton 
polyimide film. The effect of temperature on the electrical properties of Kapton polyimide 
film is shown in Figs, 25.38 to 25.41. 

b, Effect of Frequency. The effects of frequency on the value of the dielectric constant 
and dissipation factor of Kapton polyimide film at various isotherms are shown in Figs, 
25.42 and 25.43. 


TABLE 25.15 Time Required for Reduction in 
Ultimate Elongation from 70 to 1 Percent of 
0.001-Inch Kapton® Polyimide Film 

_ Environment 
‘Temperature, °C Ai Helium 


% MOISTURE 
CONTENT 


20 


O=nuae 


a 
RELATIVE HUMIDITY, % 
Fig. 25.37 Moisture content of Kapton® 


polyimide film vs. typical relative humidity 
values at 23°C, 


6. Conditioning Prior to Laminating Kapton Polyimide Film In making and processing copper 
laminates and flexible printed wiring, it must be remembered that, under normal plant 
conditions, Kapton contains small amounts of moisture absorbed from the atmosphere. 
The moisture does not have a major effect on film properties, but it must be eliminated 
during high-temperature manufacturing and processing steps to avoid blisters and delami- 
nation in laminates and circuits. 

During lamination to copper and any subsequent high-temperature processing steps, 


TABLE 25.16 Typical Electrical Properties of Kapton® Polyimide Film 


Test 
Property ‘Typical value ‘Test condition __method 


Diclectrie strength 
0.001 in 7000 Viin x 10° 60 cycles ASTM 
0.002 in 5400 Vin x 10° ‘4 in, electrodes D-149-61 
0.003 in 4600 Viin x 10° 
.005 in 3600 Vin x 10°° 


Dissipation factor 
0.001 in 
0,002 in 
0,003 in 
0,005 in 
Volume resistivity 
0,001 in 1x 104 Q-em 
0,002 in 8x 10" Q-em 
0,003 in 5x 107 Q-em 
0.005 in 1x 107 Q-em 
Corona threshold voltage 
0,001 in 60 cycles 
0,002 in 44 in, electrodes 
0,003 in 
0,005 in 
0.005 in H, 0.002. in FEP, 
{1.006 in H, 0.0005 
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TABLE 25.17 Relative Humidity vs. Electrical Properties of Kapton” Polyimide Film 
Relative AC dielectric Dissipation 
humidity, %* strength, V/in x 10-* 
0 7800 
30 7300 
50 7000 
80 6500 
100 6200 5 
*Forcalculations involving absolute water content, 50% RH in our study is equal to 1.3% water in the 


film and 100% RH is equal to 2.9% water, the maximum absorption possible regardless of the driving 
force. 


moisture must be dried from Kapton to avoid blistering and delamination of the film from 
the copper. Under severe high-temperature lamination condition, embrittlement of the 
Kapton can also occur. The rate at which moisture is absorbed or dried from Kapton. 
depends on the temperature, relative humidity, film thickness, and adhesive coating, 
Sheets of uncoated Kapton type H conditioned at 23°C, 100 percent RH and then placed 
in a 23°C, 0 percent RH dry box lost moisture at the rates shown in Table 25.18. 


7. Type F Polyimide Film Since the polyimide film, Kapton H, is non-heat-sealable, 
although classified as a thermoplastic, a film combining the properties of Teflon, FEP, and 
Kapton polyimide was developed. The combination film possesses the basic properties of 
FEP and polyimide and has the added advantage of being heat-sealable. That feature 
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Fig. 25.38 AC dielectric strength of 0.001-in Fig. 25.39 Dielectric constant of 0,001-in Kap- 
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Fig. 25.40 Dissipation Factor of 0.001-in Kap- Fig, 25.41 Volume resistivity of 0.001-in Kap- 
ton® polyimide film vs. temperature. ton® polyimide film vs. temperature. 
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pemnits the direct bonding of Kapton F to itself or to other thermally stable dielectrics. 


TABLE 25.18 Rate of Drying of Kapton® Polyimide 
Film at 23°C 


‘Time for half of moisture 
Film thickness, in to leave film, min 


3 
10 
21 
54 


At present there are six Kapton, type F, polyimide-FEP films available. The combina- 
tions and their Du Pont code identification numbers are listed in Table 25.19. The 
ae Hermes chemical and electrical properties of Kapton, type F are summarized in 

le 25.20. 

Films should be laminated as soon as possible after drying, since reabsorption of 
moisture by Kapton polyimide film is fairly rapid. For example, sheets of dried one-side- 
coated Kapton can be left in a 70 percent RH atmosphere for up to only about 10 min 
before enough moisture is reabsorbed to cause blisters during lamination. Two-side- 
coated film reabsorbs enough moisture to cause blistered laminates after 30 to 60 min. It 
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Fig. 25.42 Dielectric constant vs. frequency for 0.001-in Kapton® polyimide film. 


TABLE 25.19 Commercially Available Constructions of Kapton” Type F Film 


Nominal construction in x 10 


Standard 
Nominal Teflon Kapton Teflon widths, Area factor 
Code ident. No.* thickness, in FEP type H FEP feb 


4 % 
1 * 
1 1 
2 * 
0 2 1 
0 2 2 


*Since a number of polyimide Teflon combinations add up to the same total gauge, it is necessary to 
distinguish between them. In the three-digit system used, the middle digit represents the nominal 
thickness of the base Kapton in mils. The first and third digits represent the nominal thickness of the 
Teflon FEP in mils, The symbol used to represent mil is 9. Example: 300F021 is a 3-mil structure 
consisting of 2-mil base film with 1 mil of Teflon FEP on one side. 300F929 is a 3-mil structure 
consisting of 2-mil base film with '4-mil coatings of Teflon FEP on both sides. 

Wider widths are available. 


gin x 10° 
Weight % polyimide 
Weight % FEP 

(100 in?)(24 h) 

(100 in#)(24 h)in x 10°) 
Short-term dielectric strength 


gin x 10 
Density 


‘Tear strength—initial (Graves) 


kg-em/in x 10? 


‘Tear strength—propagating (El 
Total V 
Vin x 10 

Dielectric constant 


°C 
200°C 


50% RH 
98% RH 
Water vapor permeability 


25°C 
200°C 


Ultimate elongation, MD 


kg-em 


25°C 
200°C 


Yield point, MD, at 3%, psi 


25°C 
200°C 


Stress at 5% elongation, MD, psi 


25°C 
200°C 


Tensile modulus, MD, psi 


25°C 
200°C 
Impact strength at 25°C 


g 
g 


TABLE 25.20 Properties of Kapton® Type F Film 


Ultimate tensile strength, MD, psi 


‘Moisture absorption at 25°C 
Volume resistivity, 2-em 


Dissipation factor 
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FREQUENCY, HERTZ 
Fig. 25.43 Dissipation factor vs. frequency for 0.001-in Kapton® type H polyimide film, 


may be feasible to dry full rolls of Kapton polyimide film prior to processing. Limited test 
data indicate 250°F for one or two days may be satisfactory to dry film in roll form. 

It has also been found that the amount of blistering in laminates to copper depends on 
the time taken to bring the film up to laminating temperature, the release sheet used, and. 
the copper treatment and whether the laminate is cooled under pressure. In some cases 
laminating techniques have produced blister-free copper laminates and printed circuits 
without predrying the film. In those cases, predrying is not needed unless problems are 
encountered with blistering. 

Table 25.21 shows the drying conditions necessary for the indicated constructions of 
Kapton type F film. Table 25.22 presents the minimum times required to dry copper-clad 
laminates of Kapton type F film, prior to dip soldering, to prevent blistering. 


TABLE 25.21 Drying Conditions for Kapton® Type F Prior to Lamination to Copper 
Drying time, min, for 


500F 131 
Drying 400F031 0.001 in FEP, 0,003 in H, 0.001 in 
0.003 in H, 0.001 in FEP FEP 


5 


1 


45 
30 
20 

10 


TABLE 25.22 Drying Conditions for Kapton® Type F Prior to Dip Soldering 


Drying time, min, for 
400F031—Copper 500F131—Copper 
0,003 in H, 0.001 in FEP, 0.001 in FEP, 0.003 in H, 
1 02 copper 0.001 in FEP, 1 oz copper 


15 40 
10 20 
6 10 
2 4 


POLYPARABANIC ACIDS 


A new class of polymers referred to as polyparabanic acids (PPA) has been developed by 
Exxon Chemical Company. Although as of this writing the materials are not commercially 
available, their properties will be presented. The materials have many potential applica- 
tions in the fabrication of flexible printed wiring. PPA polymers are true thermoplastics 
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of the general structure shown in Fig. 25.44. The polymers are essentially amorphous, and 
can be cast into film having excellent mechanical properties and thermal resistance. 

Many of the properties of PPA-E and PPA-M are essentially the same, but each material 
has certain advantages. Both materials are noncrystalline and have high glass transition 
temperatures that enable them to maintain good mechanical properties up to 500°F. 
Properties which apply, independently of fabricated forms, are given in Table 25.23. As 
shown in Table 25.24, both PPA-E and PPA-M are soluble in dipolar aprotic solvents, 
PPA-M is soluble in several other types of solvent. Mixed solvent-nonsolvent systems, 
such as a 60-40 mixture of cyclohexanone and methyl ethyl ketone for PPA-M, can also be 
used. 


TABLE 25.23 Physical Properties of Polyparabanic Acids 
R—N Property ___PPAE 


e—e Glass transition ; S10 

of” No/n Specific gravity, gimL. r 1.38 
Fig. 25.44 General Splint Antes 
seca Sienie a) Clarity ‘Transparent ‘Transparent 
polyparibanic acids Refractive index 165 1.65 
where R romatic, 
aliphatic, alicyclie, ete. 


Figure 25.45 shows typical stress-strain curves from low to high temperatures. The 
~50°F curve still displays a yield point characteristic of tough plastics, and films remain 
flexible in liquid nitrogen. At the other extreme, PPA’s strength at 500°F is comparable 
with that of polytetrafluoroethylene at room temperature. 


8. Mechanical Properties of PPA Films ‘Typical mechanical properties of PPA films are 
compared with those of commercial films in Table 25.25, A rigid aromatic backbone and 
oftening point also enable these resins to maintain a high degree of mechanical 
ity at elevated temperatures, as illustrated in Figs. 25.46 to 25.48. Dimensional 
stability as shown by creep (Fig. 25.49) is very good. 


TABLE 25.24 Solvents for and Chemical Resistance of Polypai 
Solvent PPA-M 


Dimethylformamide ° 
Dimethylacetamide 
Dimethylsulfoxide 
Hexamethylphosphoramide 
N-Methylpyrrolidone 
Butyrolacetone 
Cyclohexanone 
Cyclopentanone 
Benzonitrile 
Acetophenone 
Tsophorone 
Epichlorohydrin 
Dimethylsulfone 
Dioxolane 
Chemical agent 
Acids (nonoxidizing) No effect 
Bases Slow attack Slow attack 
Hydrocarbons No effect No effect 
Halogenated hydrocarbons No effect No effect 
Ethers No effect No effect 
Aliphatic ketones Some swell No effect 
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Fig. 25.46 Tensile strength of unoriented films vs. temperature. 


-150 


Re Doe ie 


ISd ¢O}HLONSYLS STISNAL 


Fig. 25.45 Stress-strain curves of unoriented PPA films as a function of temperature (stress is based on 


the original cross section). 
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Fig. 25.47 Tensile modulus vs. temperature of unoriented films. 


Another aspect of dimensional stability, thermal shrinkage, is shown in Fig. 25.50. 
Because of a lack of orientation and built-in stresses in the film, the permanent dimen- 
sional change on thermal cycling is extremely low. Such films are nearly isotropic. 


9. Orientation of PPA Film Because of their large tensile elongations exhibited at elevated 
temperatures (Fig. 25.48) and their linear nature, the high-molecular-weight PPA resins 
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Fig. 25.48 ‘Tensile strain vs. temperature of unoriented PPA films. 
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Fig. 25.49 Tensile creep of polymer films. 
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TABLE 25.26 Comparison of Thermal Properties of Films 


Property PPAM PPA-E, PET* PI} PFE} ASTM method 

Heat distortion sr = — TMA 

temperature, °F (2% 

elongation) 
Melting point, °F None None 480° None 320 — 
Coefficient of linear 43 41 a7 2.0 10 TMA 

expansion * 10% in’ 

i fat 125°F) s i 
chaficieat of thermal 22 22 st 1 18 Cenco-Finch 

conductivity, Btu: in’ 

thy(fe)CF) 
Fiesty, 0.005in Self — Self Slow buming Self — Nonflam-_ D-1433-58 

exting, exting. to self exting. mable 
rane 03 29 

Shrinkage, % at 150°C 0.05 0.05 is <0. 5 = 
Maximum short-term-use 55 = 57 ~375° >75P 570 —_— 


temperature, °F 


“Commercial polyethylene terephthalate 
Commercial aromatic polyimide 
{Commercial polytetrafluoroethylene 
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Fig. 25.50 Shrinkage of films as a fiction of temperature (30 min exposure at each temperature). 


can be stretched in such a way as to produce highly oriented films. Orientation produces 
enhancement of tensile properties (Table 25.25), stiffness, improved flexibility, and 
greater toughness, but films retain low thermal shrinkage, Uniaxially oriented films also 
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Fig. 25.51 Heat-deflection temperatures for various PPA polymers. 
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Fig. 25.52 Retention of strength during oven aging for PPA-E and PPA-M films. Samples were tested 
at 73°F. 


possess low thermal expansion coefficients, 2 x 107 in/in-°C and lower. Oriented films 
typically have tensile strengths of over 40,000 psi and yet retain high clarity owing to the 
lack of crystallinity. Such films should find uses in applications requiring high strength, 
low shrinkage, or very low expansion coefficients such as flexible printed wiring 
applications. 


10. Thermal Properties of PPA Film Thermal properties of PPA films are tabulated in Table 
25.26. The high heat conductivity is especially important in mechanical or electrical 
application in which rapid heat dissipation is desirable. The heat-deflection temperature 
of PPA polymers is far above that of most amorphous and crystalline polymers and ranks 
with that of thermosets (Fig. 25.51). The high softening point gives films and laminates 
resistance to liquid solder baths up to 500°F and results in good resistance to cut-through 
in electrical applications. 
Thermogravimetric curves in nitrogen show a high level of thermal stability, Long-term 
thermo-oxidative resistance is illustrated in Fig. 25.52. PPA-E possesses the greater 
ce with a tensile strength retention of over 10,000 psi after 1000 h at 
mewhat less stable than PPA-E in air. Room-temperature electrical 
properties of PPA E, PPA-M, polyethylene terephthalate (PET), and polyimide (PI) films 
are presented for comparison in Table 25.27, PPA dielectric properties are similar to those 
of other aromatic, highly polar materials such as polyimide. PPA-E and PPA-M will 
probably fall between PET and PI in thermal ratings. Figures 25.53 to 25.56 give 


of 0.001-inch Films at 25°C (50% RH) 
PPA-EPET* Pr ASTM method 


3.60 32 3.60 D-150-65T 
0.0027 -0.0050-—(0.0028 D-150-65T 
6000 7000 D-149-64 
6100 — D-149-64 
>10" r > 10" D-257-66 
y, >10" >10" — 
Are resistance, s 2 125 182 D-495 


*Commercial polyethylene terephthalate 
+Commercial polyimide 
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Fig. 25.53 AC dielectric strength vs, temperature for 0.001-in films at 50 percent relative humidity. 


electrical properties vs. temperature up to 500°F. PPA film properties are much less 
affected by temperature than PET films are, and their temperature dependence is similar 
to that of PI film. PPA films combine high dielectric strength—4000 V/in x 10- at 
500°F with high mechanical strength. 

The dissipation factors and dielectric constants over a range of frequencies are shown in 
Figs. 25.57 and 25.58. Dielectric constant remains steady to 10 Hz and higher, and it is 
little affected by temperature. As with all polar resins, the dissipation factor does increase 
in that frequency range. 

PPA films should be attractive because of their higher thermal capabilities relative to 
PET and lower cost relative to PI film. Stability toward solder baths without shrinking 
means that PPA films should perform well as substrates for flexible printed wiring. 
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Fig. 25.55 Dissipation factor of films vs. temperature. 
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Fig. 25.54 Volume resistivity vs. temperature. 
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Fig. 25.66 Dielectric constant of films vs. temperature. 
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POLYESTERS 


The most significant polyester used in the manufacture of flexible printed wiring is that 
referred to as Mylar, which chemically is polyethylene terephthalate. It is formed by the 
condensation reaction of ethylene glycol and terephthalic acid, and it is available only in 
film form. Its unusual balance of properties makes it especially useful in the electrical and 
electronics fields as a replacement for heavier, conventional insulating materials. Mylar 
polyester film has a dielectric strength of 7000 V/in x 10~* for 0.001-in film, a tensile 
strength of 23,000 psi, and excellent resistance to most chemicals and moisture; it can 
withstand temperature extremes from —60 to 150°C. It remains flexible and does not 
become brittle with age. Mylar can be laminated, embossed, metalized, punched, dyed, or 
coated. Adhesives are available for laminating it to itself and practically any other 
material. The film can also be coated with heat-sealable, friction, or abrasive materials. 
Heavier gauges can be shaped in different ways as by stamping or vacuum forming. 

‘There are eight types of Mylar polyester film. Each is manufactured in roll or sheet form 
in a range of thicknesses from 0.00025 to 0.0140 in and in widths from % to 60 to 72 in 
depending on gauge and type. It is important to know the correct type in order to specify 
properly. The individual types are as follows: 

1. Type A. General-purpose; has exceptional high-temperature durability properties. 
It is available up to 0.014 in thick. This type is normally used in motors, wire and cable, 
laminations, and flexible printed wiring. 

2. Type C. Has a higher level of insulation resistance than type A films; it also has 
more clarity and sparkle than type A film, It has been especially designed for capacitors, 
and it is also normally used for metallizing and metallic yarn. 

3. Type D. Has high transparency in the heavier gauges. It is used in cartography and 
drafting and for graphic arts applications where appearance and dimensional stability are 
important. 

4. Type HS. Used for the jackets of capacitors. It shrinks 30 percent in both diree- 
tions when heated to 100°C. The film remains strong and tough after shrinking. 

5. Type M. Has a heat-sealable polymer coating and is highly moistureproof. Like all 
types of Mylar polyester film, it does not get brittle with age and has a long shelf life. 

6. Type S. For stationery supplies, book jackets, and sheet protectors. The film is 
very transparent and has a brilliant surface. 

7. Type T. Has an unusually high tensile strength in the longitudinal direction, It has 
more longitudinal stiffness than equivalent gauges of the other films. It is used for 
magnetic and pressure-sensitive tapes. 

8. Type W. Resistant to the sun’s ultraviolet radiation. It was specifically developed 
for exterior glazing applications. Greenhouses made with it last four to seven years in sun 
or snow, 

The important physical, thermal, and electrical properties of Mylar are given in Tables 
25.28 and 25,29. The properties of Mylar (polyester) and Kapton (polyimide) are similar 
except for the higher temperature capability of Kapton. A comparison of the properties of 
Mylar and Kapton is given in Table 25.30. 


INSULATING FILM COVER COATS 


Once the flexible printed wiring has been etched or formed, it is usually necessary to 
cover it with an insulating film to protect the wiring from moisture, contamination, and 
damage. Normally the covering is accomplished by bonding an adhesive-coated dielectric 
film to the surface. Less commonly, fusible dielectric films are fused to the surface or 
liquid conformal coatings are laid down and cured. 


11. Cover-Coat Properties and Bonding Consideration must be given to the desired proper- 
ties of the cover coat film and adhesive. The film properties are listed in Table 25.31. 
‘The base laminate and cover-coat lamination steps may employ either melt or adhesive 
bonding. In melt or fusion bonding, the thermoplastic film is adhered to the metal foil in a 
platen press or roll laminator. Sufficient heat and pressure are applied to melt the film 
momentarily. Then the film is cooled (under pressure) to resolidify it. The copper or other 
metal foil requires a specially treated surface to give good adhesion by melt bonding. 
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TABLE 25.28 Important Properties of Mylar Polyester Film 


‘Typical values 
Properties Type A Type T 


Test 
condition* 


Physical 
Ultimate tensile strength, MD, psi 40,000 
Yield point, MD, psi x Indeterminate 
Stress to produce 5% elongation, MD, 


psi 
Ultimate elongation, MD, % 
Tensile modulus, MD, psi 
Impact strength, kg-em/in x 10-* 
Folding endurance (MIT), Hz 
‘Tear strength: 
Propagating (Elmendorf), g/in x 10-* 
Initial (Graves), g/in x 10 
‘in 
Bursting strength (Mullen), psi 


nsity 
Goetltent of friction, kinetic, film-to- 
film 
Refraction index (Abbé) 
Area factor, in.(Ib)(in x 10~) 


KRG 


RR KH KARR 


RE 


Thermal 
Melting point, °F 
ie; 


Service temperature, °F 
°c 


Coefficient of linear expansion, in,/ 
(in)("F) x 10° 

Coefficient of thermal conductivity: 
Btu: in/(f)(b)CF) 
cal: em/(em*)(s)(°C) x 10* 

Heat sealability 

Specific heat, cal/(g)\(°C) 

Shrinkage, % 


Electrical 
Dielectric strength (0.001 in) at 60 Hz, 
Viin x 10° 
Dielectric constant: 
At 60 Hz 
Atl kHz 
At 1 MHz 
At 1000 MHz. 
At 60 Hz 
Dissipation factor: 
At 60 Hz 
At L kHz 
Atl MHz 
‘At 1000 MHz 
At 60 Hz 
Volume resistivity, Q-em 


Surface resistivity, 0 
At 0% RH 


At 100% RH 5 x 10" 

Insulation resistance, MO: nF 5000 
400 
100 


“In degrees centigrade unless otherwise specified. 


30 min at 150 


25 
150 


Sees 


BRsRang 


S8Sue 
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TABLE 25.23 Chemical Resistance of Mylar Polyester Film 


Percent of following retained 


Tensile Tear 
Agent strength Elongation __strength Exposure™ 


Acetic acid, glacial B 107 33 days at 20°C 
Hydrochloric acid, 18% 18 days at 20°C 
Sodium hydroxide, 10% 33 days at 20°C 
Ammonium hydroxide, concentrated 3 days at 20°C 
Acetone 33 days at 20°C 
Hydrocarbon oil 88 500 h at 100°C 
Phenolic resin, GE1678 Baked 168 hat 150°C. 


Moisture absorption Less than 0.8% 24 h at 23°C 
*By immersion unless otherwise specified. 


Fluorocarbon and polyvinyl chloride flexible circuits are generally melt-honded, How- 
ever, anumber of factors led to the introduction of newer circuit types based on adhesive- 
bonded constructions. One advantage of adhesive-bonded constructions is the ability to 
utilize high-quality insulating films such as polyester and polyimide, which are not 
suitable for melt bonding. Another advantage is the improved dimensional control of the 
circuit pattern which results when the etched circuit base is not remelted under pressure 
in the cover-coat lamination step. In the adhesive-bonded flexible circuits it is also 
standard practice to use the same insulating film as in the base laminate for the adhesive- 
bonded cover coat applied over the etched circuit. 


12. Liquid Cover Coat Constructions in which the cover coat film is formed from solution 
or from a polymerizable coating eliminate the need for lamination of a preformed, 
prepunched polymer film over the circuit pattern by the use of high heat and pressure. As 
aresult, a number of cost, freedom of design, reliability, and repairability advantages may 
be possible. 

The cost savings possible with the use of liquid cover-coat techniques represent a major 
advantage for the liquid fabrication method, Plastic films are relatively expensive com- 


TABLE 25.30 Comparison of Properties of Kapton* Polyimide Film and Mylar’ Poly 


ASTM ‘Temperature, ___Value___ 
Property test 
Dielectric strength at 60 Hz, 0.001 in thick, D149 
Viin x 10 
Dielectric constant at 1 kHz D150 


Dissipation factor at 1 kHz D150 
Volume resistivity, Q-em D257 


Surface resistivity at 1 kV, 50% RH, 0 D257 
Tensile strength, psi D 882 


Yield point, psi 


Stress to produce 5% elongation, psi 1D 882 
Ultimate elongation, % D882 


Tensile modulus, psi D 882 


Bursting strength, psi D774 
Density, gfem* 

Coefficient of friction, kinétic, film to film D 1505 
Area factor, ft*/(Ib)(in x 10) 


*Trademarks of E. 1. du Pont de Nemours & Co., Inc.. Wilmington, Del. 
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pared with liquid coating materials. The plastic films often must be precut and pre- 
punched prior to cover-coat lamination. Such operations add substantially to cost in terms 
of equipment, labor, and loss of material as scrap. Then the cover coat must be laminated 
over the etched pattern either in a platen press or by roll lamination. That is another 
expensive step. The heat and pressure involved may be harmful to the base circuit 
and may result in unacceptable dimensional changes in the circuit. Final inspection 
for those problems, along with improper registration of covercoat pad openings, often 
may raise the cost significantly owing to poor yield of fully acceptable circuits. 

A second advantage of liquid cover-coat construction is the ability to utilize insulation 
materials which are not available or not satisfactory in the form of unsupported plastic 
films. Melt-bonded constructions are limited to thermoplastic films, but ifthe cover coat is 
applied in liquid form, thermosetting polymers also can be used. Good electrical insulat- 
ing elastomers such as silicone, polyurethane, and butyl rubber have not been applied 
widely in flexible circuits because they would easily stretch and deform in service. Those 
polymers have proved useful in liquid cover coats when applied to dimensionally stable 
base circuits. 

Flexible circuits made with liquid cover coats can be designed for improved repairabil- 
ity by selective stripping of the cover coat with chemical solvents, Whereas the film used 
for the etched circuit base must be compatible with etching solutions and solvents used 
for removal of etching resists, that requirement does not apply to the cover coat. Hence 
the liquid cover coat may be a lacquer that will dissolve in suitable solvents which will 
not attack the plastic film of the base circuit. After repairs or new connections are made, 
the liquid cover coat can be brushed over the exposed area to seal the joints fully. 

Enhanced repairability may also result from the use of low-melting “solder-through” 
cover coats which will melt or vaporize under the heat of a soldering iron to permit 
attaching components, making new connections, or making repairs without provision of 
prepunched holes in the cover coat or skiving to expose pads. 

Reliability of liquid cover-coated flexible circuits clearly exceeds that of circuits not 
protected with any kind of cover coat. The liquid coating provides the same protection 
from moisture, contamination, and shorting between conductors as that given by a 
laminated film cover coat. In some respects, liquid cover-coat systems can be expected to 
give reliability superior to film cover coats, but in other respects the films no doubt will 
continue to excel. 

Elimination of the high heat and pressure cycle involved in film cover-coat lamination 
permits closer conductor spacing, does not adversely affect the bond between conductors 
and the base circuit film, provides better dimensional control, and results in less damage 
to plated-through holes in two-sided or multilayer constructions. Liquid systems have 
better ability to fill the space between closely spaced conductors, and laminated films 
have some tendency to “bridge” those spaces and leave the conductor edges in- 
completely sealed against wicking of moisture and contaminants. On the other hand, 
laminated films can be completely free of pinholes and porosity, which are problems 
common to liquid coatings. Hence, for highest dielectric strength and integrity, 
laminated films will no doubt prove superior, 


13, Properties of the Cured Cover Coat The liquid cover coat is cured after application to 
the etched circuit base. That converts the liquid into a polymer film with properties which 
must meet the following general requirements: 

1, Good adhesion to base circuit. 

2. Sufficient flexibility and flexibility life for the specific application. 

3. Provision of environmental protection (against contaminants or moisture) ade- 
quate for the application. 

4. Provision of electrical properties (dielectric strength, dielectric constant, dissipa- 
tion factor, or insulation resistance) adequate for the application. 

5. Maintenance of all properties over the service temperature range and for the 
desired life of the circuits. 

6. Provision of solder resist properties and resist solder flux cleaning solvents if 
needed for the specific application. 
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7. Provision of good appearance. In some cases an opaque coating may be desired. 
8. Meeting additional requirements, if any, imposed by customer for specific circuits. 

Detailed requirements, of course, vary with the application. Since distinct advantages 
are often associated with various polymer film insulation systems and since there is 
usually a trade-off between performance and cost, a range of construction materials for 
differing flexible circuit applications has evolved. Liquid cover coats also offer a range of 
performance values, and it appears that no one coating system would be suitable for all 
types of base circuits. 

Experience in the selection of insulation materials for flexible cables and circuits has 
resulted in a set of design standards and test methods published by the Institute of Printed 
Circuits. The principal standards on circuits without covercoats or circuits with laminated 
film covercoats are IPC-FC-220, Specification for Flat Cable, Flat Conductor, Unshielded, 
and IPC-FC-240A, Specification for Flexible Printed Wiring. IPC-FC-220 classifies cables 
as to service temperature range on the basis of the insulation material used. Table 25.32 
presents the temperature and material classifications given in IPC-FC-220. As in other 
insulation applications, the expected service temperature is one of the prime determinants 
of material selection. However, flexibility, dimensional stability, electrical properties, 
corrosion protection, strength, abrasion resistance, flame resistance, and other properties 
may be of equal or greater significance in certain applications. 

One requirement which is unique to coatings to be used as flexible circuit cover coats is 
a high degree of flexibility. That factor sets the coatings apart from solder resist coatings or 
conformal coatings for rigid printed boards. Coatings for rigid printed circuits require only 


ype Cl jon* 
‘Temp. range, °C Selfexting. Insulation materialst 


0 to 65 No Polyvinyl chloride 
Yes Polyvinyl chloride 


20 to 105 No Polyester (heteragencous) 
Yes Polyester (heterogeneous) or 
FEB (C bond) 


FEP (melt bond) or polyimide 
FEP (melt bond) 
or TPE (homogeneous) _ 


=40 to 250 Yes ‘TE (homogeneous) or 
polyimide (polyimide bond) 


“sounCE: IPC-FC-220 Specification for Flat Cable, Flat Conductor, Unshielded. 
{FEP is fluorinated ethylene propylene; TEF is polytetrafluoroethylene. 
t Plated conductors recommended for this temperature. 


=40 10.200 Yes 


sufficient flexibility to prevent cracking due to expansion and contraction during thermal 
cycling. That allows the use of fairly hard, almost brittle resin materials such as alkyd- 
melamine and rigid epoxy. Obviously, flexible circuit applications require a higher 
degree of flexibility than is provided by such materials, but not the same degree in all 
applications. When the circuit is not flexed in service, flexibility must be only sufficient to 
permit normal handling in assembly. On the other hand, flexible cables that may be rolled 
or folded repetitively in service at very low temperatures require coatings which will 
withstand such abuse. 

The differing capability of polymer films to meet flexibility requirements at low 
temperatures is the basis for the lower limit in the service temperature range given in 
IPC-FC-220 (Table 25.32). Those high-molecular-weight thermoplastic polymer films 
have a high degree of ductility which is hard to attain in the thermosetting polymers or 
low-molecular-weight thermoplastic polymers used in liquid coating formulations. For 
that reason, highly flexibilized or elastomeric formulations have proved most suitable for 
liquid cover coat applications. Polyurethane, butyl, and silicone elastomers are very 
satisfactory. The dimensional support is provided by the film used for the circuit base, and 
in some cases a somewhat heavier film may be chosen to assure adequate strength. 
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A complete discussion of all performance factors cannot be presented in the space 
available. The following discussion and test data are intended to illustrate a range of 
circuit constructions for which the use of one or more types of liquid cover coats appears 
advantageous. 


14. Cover Coats for Polyimide Circuits Polyimide flexible circuits have been accepted 
widely in recent years for reason of their combination of excellent overall properties and 
high service temperature capability. In a great many applications, the dimensional stability, 
toughness, low-temperature flexibility, or flame resistance of these circuits is of greater 
concern than their heat resistance. While polyimide film itself is capable of operation 
up to 250°C (IPC-FC-220, type D), the polyimide adhesives and plated copper conductors 
also used in the construction of cables or circuits involve other heat-resistance limitations. 
A polyimide-FEP (fluorinated ethylene propylene) melt-bonded construction with 
laminated film covercoat is a much simpler product and provides satisfactory service up 
to 200°C (IPC-FC-220, type C). 

In order to reduce costs and facilitate manufacturing, polyimide circuits using epoxy 
adhesives or other heat-resistant adhesives have been developed. The adhesives reduce 
the maximum service temperature limit of the circuits somewhat, but they can be 
formulated to maintain the other desirable properties. That type of circuit has proved to be 
quite suitable for the application of liquid cover coats. Table 25.33 presents test data on 
four types of liquid cover coats which were developed for use with adhesive-bonded 
polyimide constructions. The choice among the four for any particular application would. 
be based on the features of greatest importance. The silicone coating provides the best 
heat resistance; the epoxy system has the best moisture and abrasion resistance; and the 
polyurethane provides a good combination of low-temperature flexibility and moisture 
protection. The butyl rubber coating gives excellent low-temperature flexibility and 
moisture resistance but lacks heat resistance for higher-temperature applications. It might 
be more useful on polyester circuits. The polyimide film is not the best material for 
operation under high-humidity conditions, as the data show. Silicone coatings are more 
moisture-permeable than epoxies or polyurethanes and so do not provide much protection 
if tested under actual humidity conditions. If, however, the circuit is remoyed from the 
humidity chamber and allowed to dry out, the silicone-coated specimens recover faster 
than the others do. 

Liquid cover coats do not appear to be practical for polyimide-FEP melt-bonded 
constructions because of the difficulty of getting the coating to adhere to the FEP surface, 
Liquid polyimide and polyamide-imide coatings have been studied for use on polyimide 
circuits. They present many of the same problems as the polyimide adhesive systems 
present. In general, the coatings require very high curing temperatures and tend to curl 
circuits owing to high shrinkage during cure. For that reason, they are not practical at 
present. 


15. Cover Coats for Polyester Circuits Polyester circuits constructed by using adhesive 
bonding with a polyester adhesive constitute the largest volume of flexible cable and 
flexible circuit sales. The type of construction covered by IPC-FC-220, type BN, provides 


TABLE 25.33 Liquid Cover Coats on Polyimide Circuits 


Insulation 
resistance in 
humidity (IPC- ren 
FC240A comb —_ Insulation ets 
tern 96 h elevated temp. (IPC-FC- 
PS SOR Ky, 240A comb pattem, MO) 
105C 130°C —15S'C_—Solderabilit 
Silicone RTV Solder resist 
Flexible epoxy . Solder resist 
Polyurethane Solder resist 
Butyl rubber as Not a resist 
No cover coat Solderable 
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TABLE 25.34 Liquid Cover Coats on Polyester Circuits 


. Insulation 
resistance in 
Lowtemp. humidity (IPC 
flexibility (6-  FC-240A comb Insulation resistance at 
in eel pattem 96h@ _ ¢levated temp. (IPC-FC- 
Cover coat bend at temp. 35°C, 90% RH, _240A comb pattern, M2) 
material shown) Mo) Solderability 


Polyester Passes —65°C 2,500 Solder through 
Acrylic Passes —20°C 200,000 Solder through 
Polyurethane Passes ~65°C 50,000 Solder through 
No cover coat ___ Passes ~65°C 20,000 Nonsolderable 


excellent dimensional stability at very low cost. The service temperature range is gener- 
ally limited to -20 to 105°C. Another limitation is the difficulty of making a flame- 
retardant polyester system, Because the circuits are used in very cost competitive applica- 
tions, the use of a liquid cover coat appears particularly attractive. 

The test results for several promising liquid cover coats on polyester circuits are given 
in Table 25.34. The polyester and acrylic cover coats permit solder connections to be 
made through the coatings, since the heat of a soldering iron is sufficient to melt the 
coatings away. That must, of course, be done with considerable care on polyester circuits 
to avoid damage to the base circuit. Stripping of the acrylic coating is possible by using 
solvents which do not attack the polyester film. 


16. Cover Coats for PVC Circuits IPC-FC-220, types AN and AS, cover flexible cables of 
polyvinyl chloride fabricated by melt bonding. PVC insulation is even less expensive than 
polyester, and it is capable of providing good environmental protection within its service 
temperature range. A major limitation of that construction in complex circuit configura- 
tions has been dimensional instability. 

‘The instability problem is important because, in the cover coat lamination step, the 
temperature and pressure must be sufficient to melt the cover coat, force it between the 
etched conductors, and fuse it to the base film. Conductor movement or “swimming” can 
be a serious problem during the operation. The use of a low-temperature-curing liquid 
cover coat eliminates that step; the base laminate is formed by either melt or adhesive 
bonding, After the circuit is etched, the cover coat is applied by spraying or screening. 
Table 25.35. shows test results of one such system which promises adequate performance 
for many applications at a minimum circuit cost. 


TABLE 25.35 Liquid Cover Coat on a Polyvinyl Chloride Circuit 
Liquid vinyl 
Property and test method cover coat ___No cover coat 
Low-temperature 
flexibility (Ye-in mandrel 
bend test) Passes -20°C Passes —20°C 


Insulation resistance in 
humidity (IPC-FC-240A 
comb pattern, M2. 96 h 
@ 85°C, 90% RH) 


Insulation resistance at 
elevated temperature 
(IPC-FC-240A comb 
pattern), MQ. 

70°C 


GLOSSARY 


ACCELERATOR: A chemical that is used to speed up a reaction or cure, as cobalt naphthen- 
ate is used to accelerate the reaction of certain polyester resins. It is often used along 
with a catalyst, hardener, or curing agent. The term “accelerator” is often used inter- 
changeably with the term “promoter.” 

ADDITIVE PROCESS: A process for obtaining conductive patterns by the selective deposi- 
tion of conductive material on an unclad base material. 

ADHESIVE: Broadly, any substance used in promoting and maintaining a bond between 
two materials. 

AGING: The change in properties of a material with time under specific conditions. 

AMBIENT TEMPERATURE: The temperature of the cooling medium, such as gas or liquid, 
which comes into contact with the heated parts of an apparatus (or the normal tempera- 
ture of the surrounding environment). 

aaa RING: The circular strip of conductive material that completely surrounds a 

ole. 

ARC RESISTANCE: The time required for an are to establish a conductive path in a material. 

ARTWORK MASTER: An accurately scaled configuration used to produce the production 
master. 

i wipe ‘The insulating material upon which the printed wiring pattern may be 
forme 

BASE MATERIAL THICKNESS: The thickness of the base material excluding metal foil 
cladding or material deposited on the surface. 

BLISTERING: Localized swelling and separation between any of the layers of the base 
laminate or between the laminate and the metal cladding. 

BONDING LAYER: An adhesive layer used in bonding other discrete layers during 
lamination. 

BOND STRENGTH: The force per unit area required to separate two adjacent layers by a 
force perpendicular to the board surface, usually refers to the interface between copper 
and base material. 

B STAGE: An intermediate stage in the curing of a thermosetting resin. In it a resin can be 
heated and caused to flow, thereby allowing final curing in the desired shape. 

B-STATE LOT: The product from a single mix of B-stage ingredients. 

B-STAGE RESIN: A resin in an intermediate stage of a thermosetting reaction. The material 
softens when heated and swells when in contact with certain liquids, but it may not 
entirely fuse or dissolve. 

CAPACITANCE: The property of a system of conductors and dielectrics which permits the 
storage of electricity when potential difference exists between the conductors. 

CAPACITIVE COUPLING: The electrical interaction between two conductors caused by the 
capacitance between the conductors. 

CATALYST: A chemical that causes or speeds up the cure of a resin but does not become a 
chemical part of the final product. 

CHLORINATED HYDROCARBON: An organic compound having chlorine atoms in its chemi- 
cal structure. Trichloroethylene, methyl chloroform, and methylene chloride are chlori- 
nated hydrocarbons. 

cincurt: The interconnection of a number of electrical devices in one or more closed 
paths to perform a desired electrical or electronic function. 

CLAD: A condition of the base material, to which a relatively thin layer or sheet of metal 
foil (cladding) has been bonded on one or both of its sides. The result is called a metal- 
clad base material. 

coat: To cover with a finishing, protecting, or enclosing layer of any compound. 


2 Glossary 


COEFFICIENT OF EXPANSION: The fractional change in dimension of a material with a 
unit change in temperature, : 

COLD FLOW: The continuing dimensional change that follows initial instantaneous defor- 
mation in a nonrigid material under static load. Also called creep. 

COLLIMATION: The degree of parallelism of light rays from a given source. A light source 
with good collimation produces parallel light rays, whereas a poor light source produces 
divergent, nonparallel light rays. 

COPOLYMER: See polymer. 

COMPONENT HOLE: A hole used for the attachment and electrical connection of a 
component termination, including pin or wire, to the printed board. 

COMPONENT SIDE: The side of the printed board on which most of the components will be 
mounted. 

comPounD: A combination of elements in a stable molecular arrangement. 

CONDUCTIVE FOIL: The conductive material that covers one side or both sides of the base 
material and is intended for forming the conductive pattern. 

CONDUCTIVE PATTERN: The configuration or design of the electrically conductive mate- 
rial on the base material. 

CONDUCTOR LAYER 1; The first layer having a conductive pattern, of a multilayer board, 
on or adjacent to the component side of the board. 

CONDUCTOR SPACING: The distance between adjacent edges (not centerline to center- 
line) of conductors on a single layer of a printed board. 

CONDUCTOR THICKNESS; The thickness of the copper conductor exclusive of coatings or 
other metals. 

CONDUCTOR WIDTH: The width of the conductor viewed from vertically above, i.e., 
perpendicularly to the printed board. 

CONFORMAL COATING: An insulating protective coating which conforms to the configura- 
tion of the object coated and is applied on the completed printed board assembly. 
CONNECTOR AREA: The portion of the printed board that is used for providing external 

(input-output) electrical connections. 

CONTACT BONDING ADHESIVE: An adhesive (particularly of the nonvulcanizing natural 
rubber type) that bonds to itself on contact although solvent evaporation has left it dry to 
the touch. 

3X MARKS: The marks at the comers of printed board artwork, the inside edges of 
‘h usually locate the borders and establish the contour of the board. 

COUPON: One of the patterns of the quality conformance test circuitry area. (See test 
coupon.) 

CRAZING: A base material condition in which connected white spots or crosses appear on 
or below the surface of the base material. They are due to the separation of fibers in the 
glass cloth and connecting weave intersections, 

CROSS-LINKING: The forming of chemical links between reactive atoms in the molecular 
chain of a plastic, It is cross-linking in the thermosetting resins that makes the resins 
infusible. 

CROSS TALK: Undesirable electrical interference caused by the coupling of energy 
between signal paths, 

CRYSTALLINE MELTING POINT: The temperature at which crystalline structure in a 
material is broken down. 

cuRE: To change the physical properties of a material (usually from a liquid to a solid) by 
chemical reaction or by the action of heat and catalysts, alone or in combination, with or 
without pressure, 

CURING AGENT: See hardener. 3 

CURING TIME: In the molding of thermosetting plastics, the time in which the material is 
properly cured. 

CURING TEMPERATURE: The temperature at which a material is subjected to curing. 

CURRENT-CARRYING CAPACITY: Maximum current which can be carried continuously 
without causing objectionable degradation of electrical or mechanical properties of the 
printed board, 

DATUM REFERENCE: A defined point, line, or plane used to locate the pattern or layer ofa 
printed board for manufacturing and/or inspection purposes. 

DEFINITION: The fidelity of reproduction of the printed board conductive pattem relative 
to the production master. 
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DELAMINATION: A separation between any of the layers of the base laminate or between 
the laminate and the metal cladding originating from or extending to the edges of a hole 
or edge of the board. 

DIELECTRIC CONSTANT: The property of a dielectric which determines the electrostatic 
energy stored per unit volume for a unit potential gradient. 

DIELECTRIC Loss: Electric energy transformed into heat in a dielectric subjected to a 
changing electric field. 

DIELECTRIC LOSS ANGLE: The difference between 90° and the dielectric phase angle. 
Also called the dielectric phase difference. 

DIELECTRIC LOSS FACTOR: The product of dielectric constant and the tangent of dielec- 
tric loss angle for a material. 

DIELECTRIC PHASE ANGLE; The angular difference in phase between the sinusoidal 
alternating potential difference applied to a dielectric and the component of the 
resulting alternating current having the same period as the potential difference. 

DIELECTRIC POWER FACTOR: The cosine of the dielectric phase angle (or sine of the 
dielectric loss angle). 

DIELECTRIC STRENGTH: The voltage that an insulating material can withstand before 
breakdown occurs, usually expressed as a voltage gradient (such as volts per mil). 

DIMENSIONAL STABILITY: Freedom from distortion by such factors as temperature 
changes, humidity changes, age, handling, and stress. 

DISSIPATION FACTOR: The tangent of the loss angle of the insulating material. Also called 
loss tangent or approximate power factor. 

DRILL FACET: The surface formed by the primary and secondary reliefangles of a drill tip. 

puMMy: A cathode with a large area used in a low-current-density plating operation for 
the removal of metallic impurities from solution. The process is called “‘dummying.”” 

EDGE-BOARD CONTACTS: A series of contacts printed on or near an edge of a printed board 
and intended for mating with a one-part edge connector. 

ELASTOME! material which at room temperature stretches under low stress to at least 
twice its length but snaps back to its original length upon release of the stress. Rubber is 
a natural elastomer. 

ELECTRIC STRENGTH: The maximum potential gradient that a material can withstand 
without rupture. It is a function of the thickness of the material and the method and 
conditions of test. Also called dielectric strength or disruptive gradient. 

ELECTROLESS PLATING: The controlled autocatalytic reduction of a metal ion on certain 
catalytic surfaces, 

ELEMENT: A substance composed entirely of atoms of the same atomic number, e.g., 
aluminum or copper. 

EMULSION SIDE: The side of the film or glass on which the photographic image is present. 

EPOXY SMEAR: Epoxy resin which has been deposited on edges of copper in holes during 
drilling either as a uniform coating or as scattered patches. It is undesirable because it 
can electrically isolate the conductive layers from the plated-through-hole 
interconnections. 

ETCHBACK: The controlled removal of all of the components of the base material by a 
chemical process acting on the sidewalls of plated-through holes to expose additional 
intemal conductor areas. 

ETCH FACTOR: The ratio of the depth of etch to lateral etch. 

EXOTHERMIC REACTION: A chemical reaction in which heat is given off. 

EXOTHERM: A characteristic curve which shows heat of reaction of a resin during cure 
(temperature) vs. time. The peak exotherm is the maximum temperature on the curve. 

FIBER EXPOSURE: A condition in which glass cloth fibers are exposed on machined or 


abraded areas. 

FILLER: A material, usually inert, added to a plastic to reduce cost or modify physical 
properties. 

FILM ADHES! thin layer of dried adhesive. Also, a class of adhesives provided in dry- 


film form with or without reinforcing fabric and cured by heat and pressure. 

FLEXURAL MODULUS: The ratio, within the elastic limit, of stress to corresponding strain. 
It is calculated by drawing a tangent to the steepest initial straight-line portion of the 
load-deformation curve and calculating by the equation Ez = L'm/4bd’, where Ey is 
the modulus, L is the span, in inches, b is the width of beam tested, d is the depth of the 
beam, and m is the slope of the tangent. 
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FLEXURAL STRENGTH: The strength of a material subjected to bending. It is expressed as 
the tensile stress of the outermost fibers of a bent test sample at the instant of failure. 

FLUOROCARBON: An organic compound having fluorine atoms in its chemical structure, 
an inclusion that usually lends stability to plastics. Teflon* is a fluorocarbon. 

GEL: The soft, rubbery mass that is formed as a thermosetting resin goes from a fluid to an 
infusible solid. It is an intermediate state in a curing reaction, and a stage in which the 
resin is mechanically very weak. 

GEL POINT: The point at which gelation begins. 

GLASS TRANSITION POINT: The temperature at which a material loses properties and 
becomes a semiliquid, 

GLASS TRANSITION TEMPERATURE: The temperature at which epoxy, for example, softens 
and begins to expand independently of the glass fabric expansion rate. 

GLUE-LINE THICKNESS: Thickness of the fully dried adhesive layer. 

crim: An orthogonal network of two sets of parallel lines for positioning features on a 
printed board. 

GROUND PLANE: A conducting surface used as a common reference point for circuit 
returns, shielding, or heat sinking. 

HALOING: A light area around holes or other machined areas on or below the surface of the 
base laminate. 

HARDENER: A chemical added to a thermosetting resin for the purpose of causing curing 
or hardening, A hardener, such as an amine or acid anhydride for an epoxy resin, is a 
part of the chemical reaction and a part of the chemical composition of the cured resin. 
The terms “hardener” and “curing agent” are used interchangeably. 

HEAT-DISTORTION POINT: The temperature at which a standard test bar (ASTM D 648) 
deflects 0.010 in under a stated load of either 66 or 264 psi. 

HEAT SEALING: A method of joining plastic films by simultaneous application of heat and. 
pressure to areas in contact. The heat may be supplied conductively or dielectrically. 
HOLE PULL STRENGTH: The force, in pounds, necessary to rupture a plated-through hole 
or its surface terminal pads when loaded or pulled in the direction of the axis of the 
hole. The pull is usually applied to a wire soldered in the hole, and the rate of pull is 

given in inches per minute. 

HOT-MELT ADHESIVE: A thermoplastic adhesive compound, usually solid at room temper- 
ature, which is heated to fluid state for application. 

HYDROCARBON: An organic compound containing only carbon and hydrogen atoms in its 
chemical structure. 

HYDROLYSIS: The chemical decomposition of a substance involving the addition of water. 

HYGROSCOPIC: Tending to absorb moisture. 

IMPREGNATE: To force resin into every interstice of a part, as of a cloth for laminating. 

INHIBITOR: A chemical that is added to a resin to slow down the curing reaction and is 
normally added to prolong the storage life of a thermosetting resin. 

INORGANIC CHEMICALS: Chemicals whose molecular structures are based on other than 
carbon atoms. 

INSULATION RESISTANCE: The electrical resistance of the insulating material between 
any pair of contacts, conductors, or grounding devices in various combinations. 

INTERNAL LAYER: A conductive pattern contained entirely within a multilayer board. 

JUMPER: An electrical connection between two points on a printed board added after the 
printed wiring is fabricated. 

LAMINATE vorn: Absence of epoxy resin in any cross-sectional area which should nor- 
mally contain epoxy resin. 

LAND: See terminal area. 

LANDLESS HOLE: A plated-through hole without a terminal area. 

LAYER-TO-LAYER SPACING: The thickness of dielectric material between adjacent layers 
of conductive circuitry. 

LAY-UP: The process of registering and stacking layers of a multilayer board in preparation 
for the laminating cycle. 

LEGEND: A format of lettering or symbols on the printed board, e.g., part number, 
component locations, or patterns. 


*Trademark of E. 1. du Pont de Nemours & Company. 
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MAJOR WEAVE DIRECTION: The continuous-length direction of a roll of woven glass fabric. 

MASTER DRAWING: A document that shows the dimensional limits or grid locations 
applicable to any or all parts of a printed wiring or printed circuit base. It includes the 
arrangement of conductive or nonconductive patterns or elements, size, type, and 
location of holes, and any other information necessary to characterize the complete 
fabricated product. 

MEASLING; Discrete white spots or crosses below the surface of the base laminate that 
reflect a separation of fibers in the glass cloth at the weave intersection, 

MICROSTRIP: A type of transmission line configuration which consists of a conductor over 
a parallel ground plane separated by a dielectric. 

MINOR WEAVE DIRECTION: The width direction of a roll of woven glass fabric. 

MODULUS OF ELASTICITY: The ratio of stress to strain in a material that is elastically 
deformed. 

MOISTURE RESISTANCE: The ability of a material not to absorb moisture either from air or 
when immersed in water. 

MOUNTING HOLE: A hole used for the mechanical mounting of a printed board or for the 
mechanical attachment of components to a printed board. 

MULTILAYER BOARD: A product consisting of layers of electrical conductors separated 
from each other by insulating supports and fabricated into a solid mass. Interlayer 
connections are used to establish continuity between various conductor patterns. 

MULTIPLE-IMAGE PRODUCTION MASTER: A production master used to produce two or 
more products simultaneously. 

NAIL HEADING: A flared condition of internal conductors. 

NEMA STANDARDS: Property values adopted as standard by the National Electrical Manu- 
facturers Association. 

NOBLE ELEMENTS: Elements that either do not oxidize or oxidize with difficulty; exam- 
ples are gold and platinum. 

ORGANIC: Composed of matter originating in plant or animal life or composed of chemi- 
cals of hydrocarbon origin, either natural or synthetic. 

PH: A measure of the acid or alkaline condition ofa solution. A pH of 7 is neutral (distilled 
water); pH values below 7 are increasingly acid as pH values go toward 0; and pH 
values above 7 are increasingly alkaline as pH values go toward the maximum value of 
14. 

PHOTOGRAPHIC REDUCTION DIMENSION: The dimensions (e.g., line or distance between 
two specified points) on the artwork master to indicate the extent to which the artwork 
master is to be photographically reduced. The value of the dimension refers to the 1:1 
scale and must be specified. 

PHOTOMASTER: An accurately scaled copy of the artwork master used in the photofabrica- 
tion cycle to facilitate photoprocessing steps. 

PHOTOPOLYMER: A polymer that changes characteristics when exposed to light of a given 
frequency. 

PINHOLES: Small imperfections which penetrate entirely through the conductor. 

Pits: Small imperfections which do not penetrate entirely through the printed circuit. 

PLASTICIZER: Material added to resins to make them softer and more flexible when cured. 

PLATED-THROUGH HOLE: A hole in which electrical connection is made between internal 
oo external conductive patterns, or both, by the deposition of metal on the wall of the 

ole. 

PLATING VOID: The area of absence of a specific metal from a specific cross-sectional area: 
(1) When the plated-through hole is viewed as cross-sectioned through the vertical 
plane, it is a product of the average thickness of the plated metal times the thickness of 
the board itself as measured from the outermost surfaces of the base copper on external 
layers. (2) When the plated-through hole is viewed as cross-sectioned through the 
horizontal plane (annular method), it is the difference between the area of the hole and 
the area of the outside diameter of the through-hole plating. 

POLYMER: A high-molecular-weight compound made up of repeated small chemical 
units. For practical purposes, a polymer is a plastic. The small chemical unit is called a 
mer, and when the polymer or mer is cross-linked between different chemical units 
(e.g., styrene-polyester), the polymer is called a copolymer. A monomer is any single 
chemical from which the mer or polymer or copolymer is formed. 
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POLYMERIZE: To unite chemically two or more monomers or polymers of the same kind to 
form a molecule with higher molecular weight. 

POTLIFE: The time during which a liquid resin remains workable as a liquid after 
catalysts, curing agents, promoters, etc., are added. It is roughly equivalent to gel time. 

POWER FACTOR: The cosine of the angle between the applied voltage and the resulting 
current. 

PREPRODUCTION TEST BOARD: A test board (as detailed in IPC-ML-950) the purpose of 
which is to determine whether, prior to the production of finished boards, the contractor 
has the capability of producing a multilayer board satisfactorily. 

PRESS PLATEN: The flat heated surface of the lamination press used to transmit heat and 
pressure to lamination fixtures and into the lay-up. 

PRINTED WIRING ASSEMBLY DRAWING: A document that shows the printed wiring base, 
the separately manufactured components which are to be added to the base, and any 
other information necessary to describe the joining of the parts to perform a specific 
function. 

PRINTED WIRING LAYOUT: A sketch that depicts the printed wiring substrate, the physical 
size and location of electronic and mechanical components, and the routing of conduc- 
tors that interconnect the electronic parts in sufficient detail to allow for the preparation 
of documentation and artwork, 

PRODUCTION MASTER: A 1:1 scale pattern used to produce one or more printed wiring or 
printed circuit products within the accuracy specified on the master drawing. 

PROMOTER: A chemical, itself a feeble catalyst, that greatly increases the activity of a 
given catalyst. 

QUALITY CONFORMANCE CIRCUITRY AREA: A test board made as an integral part of the 
multilayer printed board panel on which electrical and environmental tests may be 
made for evaluation without destroying the basic board. 

RAW MATERIAL PANEL SIZE: A standard panel size related to machine capacities, raw 
material sheet sizes, final product size, and other factor 

REFRACTIVE INDEX: The ratio of the velocity of light in a vacuum to the velocity in a 
substance. Also, the ratio of the sine of the angle of incidence to the sine of the angle of 
refraction. 

REGISTER MARK: A mark used to establish the relative position of one or more printed 
wiring patterns, or portions thereof, with respect to desired locations on the opposite 

ide of the board. 

REGISTRATION; The relative position of one or more printed wiring patterns, or portions 
thereof, with respect to desired locations on a printed wiring base or to another pattem 
on the opposite side of the base. 

RELATIVE HUMIDITY: The ratio of the quantity of water vapor present in the air to the 
quantity which would saturate the air at the given temperature. 

REPAIR: The correction of a printed wiring defect after the completion of board fabrication 
to render the board as functionally good as a perfect board. 

RESIN: High-molecular-weight organic material with no sharp melting point. For current 
purposes, the terms “resin,” “polymer,” and “plastic” can be used interchangeably. 
RES! A protective coating (ink, paint, metallic plating, ete.) used to shield desired 

portions of the printed conductive pattem from the action of etchant, solder, or plating. 

RESISTIVITY: The ability of a material to resist passage of electric current through its bulk 
or ona surface. 

ROCKWELL HARDNESS NUMBER: A number derived from the net increase in depth of an 
impression as the load on a penetrator is increased from a fixed minimum load to a 
higher load and then returned to minimum load. 

SCHEMATIC DIAGRAM: A drawing which shows, by means of graphic symbols, the electri- 
cal interconnections and functions of a specific circuit arrangement. 

SHADOWING: Etchback to maximum limit without removal of dielectric material from 
conductors. 

SHORE HARDNESS: A procedure for determining the indentation hardness of a material by 
means of a durometer. 

SINGLE-IMAGE PRODUCTION MASTER: A production master used to produce individual 
products. 

SPECIFIC HEAT: The ratio of the thermal capacity of a material to that of water at 15°C. 


Glossary 7 


STORAGE LIFE: The period of time during which a liquid resin or adhesive can be stored 
and remain suitable for use. Also called shelf life. 

STRAIN: The deformation resulting from a stress. It is measured by the ratio of the change 
to the total value of the dimension in which the change occurred. 

STRESS: The force producing or tending to produce deformation in a body. It is measured 
by the force applied per unit area. 

SUBSTRATE: A material on whose surface an adhesive substance is spread for bonding or 
coating. Also, any material which provides a supporting surface for other materials used 
to support printed wiring pattems. 

SURFACE RESISTIVITY: The resistance of a material between two opposite sides of a unit 
square of its surface. It may vary widely with the conditions of measurement. 

‘TERMINAL AREA: A portion of a conductive pattern usually, but not exclusively, used for 
the connection and/or attachment of components. 

‘TEST COUPON: A sample or test pattern usually made as an integral part of the printed 
board, on which electrical environmental and microsectioning tests may be made to 
evaluate board design or process control without destroying the basic board. 

Tees A nonpyrophoric (will not ignite when exposed to moisture) proprietary 
etchant. 

‘THERMAL CONDUCTIVITY: The ability of a material to conduct heat; the physical constant 
for the quantity of heat that passes through a unit cube of a material in a unit of time 
when the difference in temperatures of two faces is 1°C. 

‘THERMOPLASTIC: A classification of resin that can be readily softened and resoftened by 
repeated heating. 

THERMOSETTING: A classification of resin which cures by chemical reaction when heated. 
and, when cured, cannot be resoftened by heating. 

‘THIEF: An auxiliary cathode so placed as to divert to itself some current from portions of 
the work which would otherwise receive too high a current density, 

‘THIXOTROPIC: Said of materials that are gel-like at rest but fluid when agitated. 

THROWING POWER: The improvement of the coating (usually metal) distribution ratio 
over the primary current distribution ratio on an electrode (usually a cathode). Of a 
solution, a measure of the degree of uniformity with which metal is deposited on an 
irregularly shaped cathode. The term may also be used for anodic processes for which 
the definition is analogous. 

UNDERCUT: The reduction of the cross section of a metal foil conductor caused by the 
etchant removing metal from under the edge of the resist 

VOLUME RESISTIVITY: The electrical resistance between opposite faces of a 1-cm cube of 
insulating material, commonly expressed in ohm-centimeters. The recommended test is 
ASTM D 257 SIT, Also called specific insulation, 

VULCANIZATION: A chemical reaction in which the physical properties of an elastomer are 
changed by causing the elastomer to react with sulfur or other cross-linking agent. 

WATER ABSORPTION: The ratio of the weight of water absorbed by a material to the 
weight of the dry material. 

WEAVE EXPOSURE: A condition in which the unbroken woven glass cloth is not uniformly 
covered by resin. 

WEAVE TEXTURE: A surface condition in which the unbroken fibers are completely 
covered with resin but exhibit the definite weave pattern of the glass cloth. 

WETTING: Ability to adhere to a surface immediately upon contact. 

WICKING: Migration of copper salts into the glass fibers of the insulating material. 

WORKING LIFE: The period of time during which a liquid resin or adhesive, after mixing 
with catalyst, solvent, or other compounding ingredients, remains usable. See potlife. 


*Trademark of W. L. Gore and Associates, Inc. 


Acceptability of fabricated circuits, 19-2 to 
19-32 


Acceptability criteria: 
annular ring, 19-11, 19-12 
base material edge, 19-10 
determination of, 19-3 
dimensional inspection, 19-23 
electrical inspection, 19-27 
environmental inspection, 19-29 
mechanical inspection, 19-23. 
solderability, 19-24, 19-25 
test patterns, 19-2, 19-3 
test specifications, 19-30 
thermal stress, 19-26 
(See also specific process) 
Acids, handling of, 7-36 
Acrylic conformal coating, 12-2, 12-4, 12-5, 
12-8 


Additive circuits, 1-10, 1-11, 7-33 to 7-35, 
full additive, 7-34 
laminate preparation, 7-34 
materials for, 2-19 
pros and cons of, 7-35 
semiadditive, 7-34 
solderability considerations for, 14-13, 
14-14 
swell and etch process, 7-35 
Air pollution, 9-14 to 9-16 
Clean Air Act, 6-28 
Alcohol, 7-36 
Alkaline cleaner, 8-2 
Aluminum in etching process, 8-35 
Ammonium persulfate, 8-17 to 8-20 
waste treatment of, 9-9, 9-10 
Assembly: 
automatic (see Automatic assembly) 
cleaning (see Assembly cleaning) 
components, special, 10-9 
conformal coatings, 10-11 
considerations in, 10-5, 10-6 
cost of, 10-5, 10-6 
design for, 10-5, 10-6 
economic justification of techniques of, 
10-5 
inspection of, 10-9, 10-10 
of leads: clinching, 10-7, 10-8 
preforming, 10-7 


Assembly (Cont.): 
leaming curve in, 10-6 
methods analysis for, 10-7 
preforming leads, 10-7 
presolder considerations in, 10-8, 10-9 
process of, 10-4, 10-7 to 10-14 
prototype process, 10-11 to 10-13. 
reference board, 10-4 
soldering of, 10-9, 10-13 
test of, 10-11 
touch-up of, 10-9 
visual aids for, 10-6 
volume, large, 10-12, 10-13 
volume considerations in, 10-6 
work station, 10-7, 10-12, 

Assembly cleaning, 16-2 to 16-20 
chloride determination test, 16-18 
circuit effects, 16-14 to 16-17. 

ionic contamination, 16-15 to 16-17 
MIL-P-28809, 16-15 
contamination, types of, 16-2 
defects related to, 16-12 to 16-14 
measling, 16-14 
white residues, 16-12, 16-13 
equipment for, 16-8 to 16-12 
brush cleaning, 16-9 
vapor cleaning, 16-9 to 16-12 
wave cleaning, 16-8, 16-9 
Halphen-Hicks test, 16-17, 16-18 
ionizable contamination, 16-18 to 16-20 
Lieberman-Storch test, 16-2, 16-17 
measurement of cleanliness, 16-2 to 16- 
4, 16-14 to 16-20 
ionograph, 16-2, 16-3, 16-12, 16-19, 
16-20 


radioactive flux, 16-12 
rosin contamination, 16-2, 16-3, 16-17 
solvent-based cleaning, 16-4 to 16-6, 16- 
19, 16-20 
standards for, 16-2, 16-3 
toxicity, 16-5, 16-6 
water-based process, 16-6 to 16-8 
Assembly repair, 13-2 to 13-18 
axial-lead components, 13-11, 13-12 
component replacement, 13-7, 13-11 to 
13-15 
conductors, 13-3 to 13-7 
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Assembly repair (Cont.): 
contact tabs, 13-10 
cost effectiveness, 13-2 
design for, 13-2 
guidelines for, 13-10 
laminate defects, 13-16, 13-17 
multilayers, 13-17, 13-18 
internal shorts, 13-18 
plated-through holes, 13-11, 13-15 
radial-lead components, 13-11 
rework: conformal coating, 13-2, 13-3 
preparation for, 13-2 
shorts, 13-6 
solder removal, 13-13 to 13-15 
soldering iron concerns, 13-11 to 13-15 
spurs, 13-6 
terminals, 13-7, 13-8 
missing, 13-10, 13-11 
warped boards, 13-15, 13-16 
‘Automatic assembly: 
axial-lead components, 11-5, 11-8 to 11-15 
component input to machine, 11-10 to 
U-15 
component insertion, variations in, 11-8 
to 11-10 
component preparation, 11-10 to 11-15 
sequencing, 11-18 to 11-21 
component spacing, 11-5 to 11-8 
dual-center-distance (DCD), 11-4 
variable-center-distance (VCD), 11-4, 
1L-9, 11-20 
cost savings in, 11-2 
insertable components, general, 11-2, 
11-10 
insertion machines, 11-15 to 11-18 
integrated circuits (DIP) for, 11-6, 11-8, 
11-10, 11-14, 11-20 
preparation for insertion, L1-17 
variations in, 11-15 
numerical control, 11-18, 11-34 
pantograph, 11-16, 11-17 
radial-lead components, 11-5 to 11-6 
preparation for insertion, I-15 
variations in, L1-10 
variables: hole parameters, 11-3, 11-6 
layout, 11-2 


B-stage material [see Multilayer materials, 
prepreg (B-stage) materials] 

Brackets, 3-10, 3-12 

Bus bars, 3-4, 3-5 


Camera room, 6-5, 6-6 
Camera techniques: 
camera selection, 6-3, 6-4 
film, 6-4 to 6-7 
inspection, 1-42 
materials, 1-42 


Capacitance between conductors, 1-16, 1- 
27 


Characteristic impedance, 1-27, 1-28 
Chlorinated solvents, 7-36, 9-21, 9-22 
Chromic acid, 7-36, 8-25 to 8-27 
Chromium waste flow, 9-11, 9-12 
Cleaning (see Assembly cleaning) 
Clips, 3-10, 3-12 
‘Components: 
adjustable, 3-4 
automatic assembly of (see Automatic 
assembly) 
axial-lead, 3-3 
(See also Automatic assembly, axial- 
lead components) 
defective, 13-11 
density of, 1-7 
identification of, 1-37 
lead size, 3-2 
lead spacing, 3-2 
mechanical tolerances of, 3-2 
mounting of, 1-13, 1-14, 3-10 to 3-14 
multiple leads, 3-3, 3-4 
orientation of, 1-35, 1-36 
placement of, 1-34 
radial-lead, 3-3, 3-4 
(See also Automatic assembly, radial- 
lead components) 
replacement of, 1-31, 1-32, 13-11 to 13- 
15 


selection of, 1-31, 1-32, 3-2 
ize and shape of, 3-2 

sockets, 3-4 

thermal considerations, 3-2 

Conductors: 

current-carrying capacity of, 1-22 to 1-27 

location of, 1-22 

pattern integrity, 19-15, 19-16 

repair of, 13-3 to 13-7 

resistance, 1-22 to 1-27 
(See also Copper foil, resistance) 

routing, 1-36, 1-37, 3-2 

shapes of, 1-24 

spacing of, 1-24 

temperature rise, 1-22 to 1-27 

thickness of, 1-15, 1-22, 1-23 

width of, 1-15, 1-22, 1-23, 19-12, 19-13 
(See also Copper foil) 

Conformal coatings, 1-22 to 1-24, 10-11, 12- 

2 to 12-9 

acrylic, 12-2, 12-4, 12-5, 12-8 

application of, 12-7, 12-8 

assembly repair through, 13-2, 13-3 

characteristics of, 12-6, 12-7 

chemical components of, 12-6 

contaminants in, 12-3 

curing temperature for, 12-6 

design for, 12-7 

diallyl phthalate (DAP), 12-3 

electrical properties of, 12-6 


Conformal coatings (Cont.): 

epoxy, 12-2, 12-3, 12.9 
limitations of, 12-3 

fungus resistance of, 12-6, 12-7 
humidity resistance of, 12-3 to 12-7 
inspection of, 12-8 
polyimide, 12-3 
polyurethane, 12-2, 12-8 
potlife, 12-4 
preparation for assembly, 12-7 
removal of, 13-2, 13-3 
repair of, 12-4, 12-8, 12-9 
safety precautions when applying, 12-9 
selection of, 1-33, 1-34, 12-4 
silicones, 12-3, 12-9 
storage of materials, 12-9 
thermal properties of, 12-6 
thickness of, 12-4 

Connectors: 3-5 to 3-11 


for, 3-9 
one-part, 3-6, 3-7 
plating for, 22-6 
sheet connector specification, 3-10 
specifications and standards for, 3-8 to 3-10 
termination types, 3-7, 3-8 
two-part, 3-6, 3-7 
Contaminants (see specific process 
element) 
Copper foil: 
additive, 2-22 
color, 2-6, 2-7, 2-13, 2-29, 2-30 
current-carrying capacity of, 1-22 to 1-27 
in etching, 8-31 
in flexible printed wiring, 24-17 to 24-19 
inspection of, 2-2 to 2-3 
peel strength, 2-8 to 2-11, 19-26 
retention test, 2-23 
solder operations, 2-8 to 2-11 
Underwriters Laboratory, 2-10 
resistance, 1-26 
screen ink adherence, 2-7, 2-8 
in soldering design, 14-5 
surface standards for, 2-6 
thickness standards for, 2-6, 2-7 
thin material, 2-14, 8-31 
Copper plating: 7-14 to 7-19, 7-39 
fluoroborate, 7-18, 7-19 
solution anal; 7-39 
specifications for, 7-19 
plating rates, 7-20 
pyrophosphate, 7-14 to 7-16 
solution analysis, 7-37 to 7-39 
specifications for, 7-14 
sulfate, copper, 7-16 to 7-19 
solution analysis, 7-39 
Costs, relative, for finished boards, 1-5 to 1- 
9 
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DCR (Dynachem photoresist), 6-9, 6-11 
Design of printed wiring, 1-4 to 1-43 

artwork generation, 1-13, 1-38 to 1-43 

for assembly, 10-5, 10-6 

automated techniques in, 1-15, 1-16, 1- 
38 to 1-41 

board strength, 1-18, 1-19 

bus bar layout, 1-39 

component mounting holes, 1-8, 1-9 

computer-aided design (CAD), 1-30, 1- 
38, 1-39 

conductor patterns (see Conductors) 

for conformal coatings, 12-7 

cost trade-offs, 1-6, 1-7 

digitizing, 20-26, 20-27 

dimensioning, 1-13, 1-14 

documentation, 1-42, 1-43 

multilayer, 20-25 to 20-29 

drawings, 1-14, 1-15, 1-35 to 1-38, 1-42, 

1-43 


electrical factors, 1-26 to 1-28 
environmental factors, 1-28 to 1-33 
shock and vibration, 1-26 to 1-33 
flexible printed wiring (see Flexible 
printed wiring) 
for fundamental requirements, 1-5 
grid system, 1-15, 1-36 to 1-39, 2-22 
ground planes, 1-39 
holes (see Hole: 
index holes, 
interconnection capabilities, 1-8 
5 to 1-40 
for, 1-39, 1-40 
component considerations for, 3-4 
lead patterns, 1-7 
material (see Laminates) 
mechanical factors, 1-17, 1-18 
mounting, board, 1-18, 1-28, 1-29, 1-38 
(See also Components, mounting of) 
yer (see Multilayer design) 
multiple patterns, 1-41 
partitioning, 1-19 
photography techniques (see Camera 
techniques) 
for repair of assembly, 13-2 
shock and vibration, 1-28 to 1-31 
for soldering, 14-4 
specifications, 1-12 to 1-15 
American National Standards 
Institute (ANSI), 1-14 


Department of Defense, U.S., 1-13, L- 14 


Institute of Printed Circuits (IPC), 1- 
12, 1-13 
International Electrotechnical 
Commission (IEC), 1-14, 1-15 
test points, 3-14 
tolerancing, 1-12, 1-14 
DIP (dual in-line package) [see Automatic 
assembly, integrated circuits (DIP) 
for] 


Index 
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Drilling: 
backup material, 5-10, 5-11, 22-9 to 22- 12 
deburring, 5-12, 22-10 
drill life, 22-10 
drill shape, 5-8 to 5-11, 22-9 to 22-11 
drill sharpening, 22-10 
drill sharpness, 5-8, 22-10 
drill spindle pressure feet, 22-11 
feeds and speeds, 5-11, 5-12, 22-9 
hole cleaning, 22-12 
for multilayers, 22-8 to 22-12 
plating problems, 8-5, 8-6 
Dynachem photoresist (DCR), 6-9, 6-11 


EIA (Electronic Industries Association) 
solderability test, 14-7 
Electroless copper, 7-3 to 7-9, 22-12, 22-13 
formulations, typical, 7-5, 7-6 
line steps, 7-3, 7-4 
multilayer problems, 7-7, 22-12, 22-13 
properties of, 21-9 
thickness of, 7-4 
troubleshooting, 7-7, 7-8 
Electroless plating (see Electroless copper, 
Plating) 
Engineering (see Design of printed wiring) 
Environmental Protection Agency (EPA), 
9-2 
Epoxy (see specific applications) 
Epoxy formulas, 23-2 
Epoxy laminate (see specific material 
property) 
Epoxy smear, 19-8 
Etch factor, 8-37 
Etchback, 19-21 to 19-23, 22-12 
Etching, 8-2 to 8-45 
post-etching steps, 8-2 
pre-etch cleaning, 8-2 
problems during, 8-8, 8-9 
resist problems, 8-4 to 8-11 
solutions (see Etching solutions) 
surface contamination, 8-8 
undercut, 8-8, 19-20 
Etching area, 8-43 
Etching equipment, selection of, 8-43 
Etching facility, 843 
Etching solutions, 8-11 to 8-27 
alkaline ammonia, 8-11 to 8-15 


persulfate) 

chromic-sulfuric acid, 8-25 to 8-27 

solder effect on, 8-26, 8-27 
cuprie chloride, 8-14 to 8-17 
ferric chloride, 8-20 to 8-25 
general considerations, 8-2 
Jaminates, effect on, 8-27 to 8-31 
metals, effect upon, 8-31 to 8-37 
persulfates, 8-17 to 8-20 
solder, effect on, 8-27 to 8-31 


Etching techniques, 8-37 to 8-43 


ammonium persulfate (see Ammonium 


automatic, 8-42, §-43 
bubble etching, 8-38 
immersion etching, 8-39 to 8-43 
splash etching, 8-38, 8-39 
Eyelets, 1-26, 19-8 to 19-11 


Fabrication (see specific headings) 
FEP (see Flexible printed wiring 
materials) 
Ferric chloride, 8-20 to 8-25 
Film, 6-4 to 6-7 
diazo imaging, 6-5 
polyimide, 25-16 
Flexible printed wiring, 24-3 to 24-34 
access windows, 24-16 
classifications of, 24-5 to 24-12 
double-sided, 24-7, 24-8 
multilayer, 24-8 to 24-13 
single-sided, 24-6, 24-7 
copper circuit, 24-31 
conductor spacing, 24-17 
conductors, 24-17 to 24-19 
cover coat, 24-31 
design of, 24-13 to 24-34 
edge distance, 24-17 
electrical parameters, 24-18 to 24-29 
layout of, 24-13 to 24-17 
mechanical, 24-29 to 24-34 
tolerances for, 24-16, 24-17 
disadvantages of, 24-5 
electrical parameters, 24-25 to 24-29 
attenuation, 24-29, 24-30 
capacitance, 24-25, 24-26 
cross-talk, 24-28 to 24-30 
time delay, 24-27, 24-28 
feasibility of, 24-13 
hybrid, 24-8 to 24-12 
interconnection, 24-13 
mechanical design, 24-29 to 24-34 
microstrip, 24-19, 24-24, 24-25 
reliability of, 24-5 
repairability of, 24-5 
strip-line, 24-25 to 24-28 
transmission line, 24-22 to 24-25 
characteristic impedance, 24-24 
Flexible printed wiring materials: 
base dielectrics, 25-2 to 25-15 
comparison of: film mechanical 
properties, 25-27, 25-28 
general properties, 25-39 
thermal properties, 25-37 to 25-39 
cover coats, 25-37 to 25-44 
bonding, 25-37 to 25-39 
cost of, 25-43 to 25-44 
cured properties, 25-41 to 25-43 
laminating, 25-37 to 25-39 
liquid coats, 25-39 to 25-41 
for polyester material, 25-43, 25-44 


Flexible printed wirin, ; 
eo g materials, cover 
for polyimide material, 25-43 
properties of, 25-37 to 25-44 
for PVC material, 25-44 
repairability of, 13-2, 13-3, 25-41 
flat cable, characteristics of, 25-42 
Fluorocarbons, 25-2 to 25-9 
Kapton (polyimide), 25-16 to 25-26 
Nomex (nylon), 25-8 to 25-11 
nylon (polyamides), 25-9 to 25-15 
polyesters, 25-37 
properties of, 25-38 
Polyparabente acids (PPA), 25-26 to 25- 


thermoplastic materials, 25-2 
Fluoride, waste treatment of, 9-11 
Fluoroboric acid, 7-36 
Fluorocarbons, 26-2 to 26-8 
Flush printed wiring, 19-22, 19-23 


G-10 (see Laminates) 
Gold in soldering system, 14-5 
(See also specific process element) 
Gold plating, 7-28 to 7-31 
etch-resistant qualities, 8-7, 8-32 
immersion, 7-32, 7-33 
recovery, 7-30, 9-20, 9-21 
as solder impurity, 15-6 
solution analysis, 7-43 
Grid system, 1-36, 20-22 


Hardware, 3-1 to 3-39 
(See also specific components) 

Heat sinks, 3-14 

Holes, 1-25, 1-26 
hole-to-lead ratio, 14-4 
roughness of, 19-8 
size of, 1-26 
specifications, 19-4 

Hydrochloric acid, 7-36 

Hydrofluoric acid, 7-36 

Hydrogen peroxide, 7-36 


IEC (International Electrochemical 
Commission) solderability test, 14-8 
Image transfer, 6-2 to 6-31 
camera (see Camera techniques) 
cleaning, board surface, 6-7 to 6-9 
electroless copper effects, 7-3, 7-4 
in multilayer, 22-2, 22-3 
photoresist (see Photoresists) 
screen printing (see Screen printing) 
silk-screen (see Resists; Screen printing) 
vapor degreasing, 6-7, 6-8 
Immersion plating, 7-32, 7-33 
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Inspection operations, 19-2 to 19-4 

Institute for Packaging and Circuit 
Interconnection (Institute of Printed 
Cireuits) IPC, 1-12 to 1-14 

solderability tests, 14-6 to 14-8 

Interconnection (see specific type of 
printed wiring) 

Ion exchange (water), 9-19 


Ketone, 7-35, 7-36 
Kodak photoresists, 6-9 to 6-11 
Kovar, solder design of, 14-5 


Laminate machining, 5-3 to 5-15 
blanking, 5-6, 5-7 
life of tool, 5-6, 5-7 
drilling, 5-8, 20-12 
backup materials, 5-10 to 5-12 
feeds, 5-11, 5-12 
geometry of drill, 5-8, 5-11 
locating system, 5-9 
location of holes, 5-12 
machine design (NC), 5-9, 5-10 
machine selection, 5-9 
nomenclature, 5-8 
numerical control (NC), 5-9. 
positioning systems, 5-10 
problems, 5-11, 5-12 
_speeds, 5-11, 5-12 
piercing (see Punching holes, below) 
punching holes, 5-4 to 5-6 
routing, 5-12 to 5-18 
double-pin method, 5-17 
feed rate, 5-14 to 5-16 
multiple-spindle machines, 5-13, 5-14 
no-internal-pin method, 5-17, 5-18 
numerical control, 5-14, 5-15 
single-pin method, 5-17 
spindle speeds, 5-15 
sawing, 5-7 
shearing, 5-7 
Laminates: 
additive process material, 2-19 
amino, 8-28 
Bestage, 2-2, 2-3 
[See also Multilayer materials, 
prepreg (B-stage) materials] 
base material tests, 2-12 to 2-27 
blistering, 2-13 
color standardization, 2-6, 2-29 
conditioning, 2-12 to 2-20 
copper characteristics (see Copper 
i 
crazing, 2-13, 13-17, 1! ~ 
defect definitions, 2-12, S13. 
dees of cute, tests for, 215 
lamination, 2-12, 2-13, 2-31, - 
designations, material, 2-17, one a, 


Index 


Laminates (Cont.): 
dielectric breakdown, 2-25 
dielectric constant, 2-25, 2-26 
dielectric strength, 2-25 
dimensional stability, 2-14, 2-15, 2-33 
dissipation factor, 2-25, 2-26 
epoxy, etching concerns, 8-28, 8-29 
evaluation of, 2-5 to 2-17 
flame-retardant, 2-13, 2-14 
flammability of, 2-13, 2-14, 2-25 
flexural strength, 2-20, 2-21 
fungus resistance, 2-23, 2-24 


insulation resistance, 2-15, 2-16 
laminating, 2-2 to 2-5 
machinability, 2-8, 2-30 


(See also Laminate machining) 
measling, 2-13, 2-31, 2-32 
mechanical properties of, 2-20 to 2-23 
peel strength, 19-26 
(See also Copper foil) 
phenolic, 8-29, 8-30 
polyimide, 8-30 
quality control, 2-5, 2-6, 2-27, 2-28 
icone, 8-30 


29 
solder float test, 19-26 

solder problems, 2-32, 2-33 

solder resistance, 2-11, 2-12 

surface problems (clad and unclad), 2- 


Teflon, 2-17 to 2-19, 8-30 
temperature, maximum operating, 2-22 
thermal conductivity, 2-23 

thermal expansion, 2-23 

thickness of base material, 2-20 
traceability, 2-27, 2-28 

treater (coater), 2-2 


27 to 2-33 
volume resistance, 2-17 
warp and twist in, 2-13, 2-20, 2-21, 2-31, 
19-14, 19-15 
water absorption, 2-23 
weave exposure, 2-13, 2-31, 2-32 
weight of base material, 2-20 
Laminating, 22-4, 23-1 to 23-19 
B-stage [see Multilayer materials, 
prepreg (B-stage) materials] 
bond, requirements for, 23-13 
circuit preparation, 23-12 
cycles, comparison of, 23-12 to 23-16 
fixtures, 22-8, 23-6 to 23-8 
maintenance of, 23-10 
flexible circuitry, 23-6 


grades, standard materials, 2-17 to 2-20 
high-frequency materials, 2-19, 2-22, 2- 


punched test specimen rating, 2-8, 2-9 


reen adherence, 2-7, 2-8, 2-97, 2- 


surface standard (copper), 2-6, 19-4, 19-5 


troubleshooting of laminate problems, 2- 


Laminating (Cont.): 
gel time, 23-10 
glass cloth, 23-2, 23-3 
adhesion, 23-3 
filament surface, 23-3 
weave, 23-3, 23-10 
laminate, copper-clad, 23-4 
laminate preparation, 23-10, 23-11 
lay-up, 23-11, 23-12 
platen: flamess check, 23-9 
heating check, 23-9, 23-10 
prepreg: 
characteristics of, 23-3, 23-10, 23-11 
high-flow, 23-4 
low-flow, 23-3 
resin-flow, 23-4 
press cycles, 23-13 
press equipment, 23-7 to 23-10 
loading equipment, 23-10 
pressure transducer, 23-9 
thermocouple welder, 23-8 
press output, 23-12 
press-type: compared, 23-8 
flow test, 23-18, 23-19 
pressure cycle, 23-13 to 23-15 
cold start, 23-13 to 23-15 
hot start, 23-13 to 23-15 
single-stage, 23-14, 23-15 
two-stage, 23-13, 23-14 
registration pin, 23-6, 23-10 
tack time, 23-10 
troubleshooting laminating problems, 
23-16 to 23-18 
vacuum lamination, 23-15 
Layout (see Design of printed wiring, 
layout) 


Machining laminate (see Laminate 
machining) 
Make-or-buy question (printed wiring 
boards), 4-3, 4-4 
Materials: 
laminated (see Laminates) 
nail-heading, 5-12, 22-9 
soldering (see Presolder considerations; 
material systems) 
Materials review board (MRB), 19-3 
Mealing, 16-12, 16-14 
Measling, 2-13, 16-14, 16-15 
Microsectioning, 7-43, 7-44, 19-17 to 19-20 
Microstrip, 24-24, 24-25 
Mounting, board, 3-10 to 3-13 
(See also Design of printed wiring, 
mounting, board) 
Multilayer boards, repair of, 13-17, 13-18 
Multilayer design, 20-3 to 20-29 
advantages and disadvantages of, 20-5, 
20-6 


applications of, 20-4 


Multilayer design (Cont) 
20-25 


artwork, 20-26, 

Seas 20-27, 20-28 
automated systems, 20-14 
capacitance, 20-19, 20-20, 20-21 
clearance holes, 20-6, 20-9 to 20-11 
comparing plated hole and clearance 

hole, 20-11 
conductor spacing, 20-19 
conformal coatings, 20-6, 20-7 

(See also Conformal coatings) 
corner marks, 20-28, 20-29 
cost of, 20-18 

relative, 20-6, 20-7 
nse packaging, 20-6, 20-7 

design cycle, 20-14 
design process, 20-7 to 20-9 


digitizing, 20-26, 20-27 
documentation, 20-25, 20-29 
dimensions, 20-25, 20-26 
hole designation, 20-25 
master drawing, 20-25 
drilling, 20-12 
electrical design, 20-18, 20-21 
fabrication technology, 20-6 to 20-8 
general consideration, 20-12 to 20-17 
design checklist, 20-13 
hole size, 20-18 
interconnection features, 20-11 
interconnections, 20-9, 20-24 
landless holes, 20-23, 20-24 
layout, 20-7, 20-20 to 20-27 
layout details, 20-7 
markings, 20-29 
nical design, 20-17, 20-18 
layer types, 20-8 
externally connected, 20-8, 20-9 
intemally connected, 20-8 
need for multilayer, 20-4, 20-5 
plated-through-holes connection, 20-9 
reduction targets, 20-29 
registration, 19-8, 19-22, 22-2 to 22-7 
specifications for, 20-12 
terminal area, 20-18 
test coupon, 20-29 
thickness of board, 20-17, 20-18 
tolerances, 20-14, 20-16, 20-21 
tooling, 20-28, 20-29 
Multilayer fabrication, 2-6, 22-1 to 22-16 
additive circuit, 7-66 
drilling, 20-12, 22-8 to 22-12 
drilling problems, 22-9, 22-10 
epoxy smear, 19-8, 22-9 to 22-12 
etchback, 19-21, 22-5 
fixtures, 22-8 
identification, 22-4 
inspection, 22-14 to 22-16 
laminating (see Laminating) 
lay-up, 22-4 


Index 7 


Multilayer fabrication (Cont.): 
outer circuit preparation, 22-3 
plating problems, 22-12 to 22-14 
post-laminate bake, 22-4 
process control, 22-15, 22-16 
process outline, 22-1 to 22-6 
registration, 22-2, 22-3, 22-6, 22-7 
tooling, 20-28 
Multilayer layout (see Multilayer design) 
Multilayer materials: 
stage (cured laminate), 22-1 
clad material: color standardization, 2-6, 
2-7, 21-3 
designations, 2-5, 2-6 
electrical properties, 2-8 
concerns, special, 21-6 to 21-8 
dimensional stability, 21-4 
thermomechanical analyzer, 21-4 
electrical testing, 21-3, 21-4, 21-8 
glass cloth, 21-4 
glass transition, 21-4 
laminate manufacture, 21-2 
moisture absorption, 21-8 
peel strength, 21-3, 21-7 
polyimide, 23-4, 23-5 
polyphenylene oxide (PPO), 23-5 
prepreg (B-stage) materials: 
characteristics of, 21-4, 21-5, 23-10, 
23-11 
epoxy properties of, 21-9 
evaluation of, 21-2 
flow test, 23-18, 23-19 
handling, 23-11 
high-flow, 23-4, 23-14 
inspection of, visual, 21-5, 21-6 
low-flow, 23-3, 23-4 
MIL-G-5536A, designations for, 23-4 
no-flow, 23-3 
properties of, 21-8, 21-9 


pecification of, 21-2 to 21-5 
storage of, 21-10 
tack time, 21-5 
testing, 21-3, 21-4, 22-7, 22-8 
thickness of, cured, 21-5 
volatile content of, 21-4, 21-5 
solder resistance, 21-3 
specifications, 21-2 to 21-6 
storage of, 23-11 
surface standards, 21-2, 21-3 
Teflon in multilayers, 23-5, 23-6 
thickness of, 21-2, 21-5 
tolerance, 21-7 
Mylar (see Flexible printed wiring 
materials, polyesters) 


Nail heading, 5-12, 22-9 
Nickel, Watts, 7-41 


Nickel plating, 7-22 to 7-25 
Nickel resist, 8-35 
Nickel sulfamate, 7-23, 7-41 
Numerical control (NC): 
assembly, L1-18 
drilling, 5-9 
Nylon (polyamides), 25-9 to 25-15 


Offset printing (resist), 6-30, 6-31 
Oil in soldering, 15-16. 


Packaging der (see Printed wiring) 
Photofacility, 6-5, 6-6 
Photography (see Camera techniques) 
Photoresists, 6-2, 6-9 to 6-19 
alkali-soluble, 6-2, 6-31 
baking, after developing, 6-19 
DCR, 6-9, 6-11 
developing, 6-18, 6-19 
dying, 6-19 
dry film, 6-2, 6-12 to 6-14, 8-9, 8-31 
water-soluble, 6-14 
in etching, 8-4 to 8-6 
exposure, 6-17, 6-18 
facility, 6-19 
liquid, 6-9 to 6-12 
‘airless spraying, 6-16, 6-17 
application of, 6-14 to 6-17 
board preparation, 6-17 
coving, 6-18 
dip coating, 6-15 
electrostatic spraying, 6-16 
negative-acting, 6-9 to 6-11 
positive-acting, 6-11, 6-12 
roller coating, 6-16 
spray, 6-16, 6-17 
whirl (spin), 6-15, 6-16 
work area for, 6-18 
in multilayer, 22-2, 22-3 
plating effects, 7-12, 7-13 
removal, 6-19 
ultraviolet (UV) curable, 6-2, 6-27, 6-28 
Plated-through-holes connection (see 
specific process) 
Plating: 
additive (see Additive circuits) 
adhesion, 19-23 to 19-25 
chemical safety, 7-35 to 7-37 
copper electroplating (see Copper 
plating) 
electroless copper (see Electroless 
copper) 
flowchart, 7-3 
gold (see Gold plating) 
image transfer effects, 7-11 to 7-13 
microsectioning, 7-43, 7-44 
panel plating, 7-5, 7-7, 7-9, 7-11 
pattern plating, 7-9, 7-10 


Plating (Cont.): 
photoresist, 7-12 
process control, 7-37 to 7-43 
process evaluation, 7-13, 7-14 
screen resist problems, 7-11 
solder (tin-lead) (see Solder plating) 
thickness, measurement of, 19-16 to 19- 

20 


(See also specific metal plating) 
Pollution control: 
air pollution, 9-14 to 9-16 
consultants, 9-3 to 9-6 
disposal, contract for, 9-12, 9-13 
equipment costs, 9-14 
etching solution (see specific etching 
process) 
incineration, 9-13 
landfill, 9-13 
recycling, 9-17 to 9-23 
regulatory agencies, 9-16, 9-17 
safety, 9-13 
water pollution, 9-2 to 9-6 
Prepreg [see Multilayer materials, prepreg 
(B-stage) material: 
Presolder considerations, 14-4 
material systems, 14-4, 14-5 
metallic surfaces, 14-5 
specifications, 14-4 
sulfur contamination, 14-5 
Printed wiring (see Design of printed 
wiring; Flexible printed wiring; 
Flexible printed wiring materials) 
Protective coating (see Conformal 
coatings) 
Prototype kits, 4-2 
Purchasing, 4-1 to 4-13 
cost factors, 4-9, 4-10 
delivery schedules, 4-10 
design trade-offs, 4-7 
documentation, 4-2 
master drawing, 4-12 
MIL-D-1000, 4-11 to 4-13 
guidelines, 4-3 to 45 
limited quantities, 4-2 
make-or-buy question, 4-3, 4-4 
multilayer specifications, 4-3 
multilayer trade-offs, 4-6, 4-7 
pricing, 49, 4-10 
problems, 4-8 
procurement practices, 4-2 
purchase orders, 4-4, 4-5 
specifications, 4-5, 4-6 
vendors: relations with user, 4-6 
selection of, 4-3 


assurance: 
rations intervals, 18-7, 18-8 
characteristics for levels, 18-6 
defects, causes of, 18-10 to 18-12 


Quality assurance (Cont.): 
Hi-rel (high reliability), 18-6, 18-7 
inspection, 18-13 to 18-14 
levels of quality, 18-6 
reliability, 18-13 
sampling, 18-4, 18-8 to 18-10 
incoming, 18-8, 18-9 
in process, 18-9 
sequential grouping, 18-9 
survey checklist, 18-7 
test coupons, 18-4, 18-5, 19-2, 19-3, 20- 
29, 22-15 
hecklist, 18-13, 18-14 


final, 18-5, 18-6 

multilayer, 18-5, 18-9 

preproduction, 18-3 

Production checklist, 18-7, 18-13, 18- 
4 


traceability, 18-12 
visual inspection, 18-10 


Reference designations, 1-14, 1-37 

Registration, 19-8, 19-10, 19-22, 20-27, 20- 
8 

ist equipment (see specific resist type) 


soluble, 8-3, 8-4 
asphalt-based, 8-3 
cellulose-based, 8-3 
cold-top enamel: 
electroplated, 8-6 to 8-9 
etching problems, 8-5, 8-6 
hole plugging, 8-4 
inks, 6-26, 6-27 
soluble, 6-26, 8-3, 8-4 
solvent-soluble, 6-26 
offset printing, 6-3, 6-30, 6-31 
oil base, 8-2, 8-3 
plated etch resists, 8-6 to 8-9 
printing problems, 6-28 to 6-30 
screened on, 6-3, 6-26 to 6-30 
solder resist, 6-2 
strippers, 8-2 
ultraviolet-cured, 6-2, 6-27, 6-28, 8-9 
vinyl-based, 8-3, 8-4 
wet etchable, 6-28 
(See also Image transfer; Photoresists) 
Reverse osmosis (RO), 9-19 
Rhodium plating, 7-31 


Screen printing, 6-19 to 6-31 
area layout, 6-20 
cleaning (screen), 6-25 
fabrics, 6-24, 6-25 


Screen printing (Cont.): 
frames, 6-23, 6-24 
hand, 6-24, 6-29 
hole plugging, 6-31 
inks, 6-26, 6-27 
(See also Resists) 
machine printing, 6-29 
materials, 6-21, 6-22 
plating effects, 7-11 
plating problems, 7-11, 7-12 
resist problems, 6-28, 6-29 
resist removal, 8-9 to 8-11 
stencil, 6-20 to 6-26 
Scrubbing, mechanical, 7-5 
icone, conformal coating, 12-3 
Silk-screen (see Resists; Screen 
printing) 
Silver: 
etch-resist qualities, 8-8 
etch-resistant, 8-36, 8-37 
migration, 14-5 
solder design for, 14-5 
Solder blanket, 15-12 
Solder blowholes, 17-8, 17-9 
Solder cold joint, 17-8, 17-9 
Solder contamination, 15-6 
Solder creams, 15-22 to 15-24 
Solder defects, 17-3 to 17-9 
Solder dross, 15-11, 15-12 
Solder equipment, 15-8 to 15-11, 15-17 to 


automatic 


stems, 15-17, 15-18 


solder pot, 15-10 to 15-17 
wave solder (see Wave soldering), 15-12 
to 15-16 


categories of, 15-7 
design of, 15-7, 15-8 
quality control, 17-1 to 17-9 
rosin-based, 15-7, 15-8 
idues, 16-2 to 16-6 
(See also Assembly cleaning) 
water-soluble, 15-8 
water-white rosin, 15-7 
Solder materials: 
alloys, 15-2 to 15-6 
composition of, 15-3, 15-4, 19-25, 19- 


eutectic point, 15-2 
purity of, 15-3 
contaminants, common, 15-3 to 15-6 
impurities in, 15-3 to 15-6 
(See also Presolder considerations) 
Solder plating, 7-19 to 7-22 
etch-resist qualities, 8-6, 8-7 
in etching, 8-31, 8-32 
Solder preforms, 15-19 to 15-22 
Solder resists, 6-26 to 6-29, 14-12 
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Solderability, 14-4 to 14-14 
acceptance criteria, 19-24, 19-25 
additive process, 14-13, 14-14 
plating effects, 14-12, 14-13 


poor solderability, causes of, 14-14, 14-15 


precleaners, 4-14 


preserving solderability (coatings), 14-8 


to 14:10 
quality control, 17-1 to 17-9 
restoration of, 14-14, 14-15 
test methods; dip testing, 14-7, 14-8 
EIA-RS 17814, 14-7, 14-8 
globule test, 14-8 
IPC edge dip test, 14-14, 14-15 


IPC wave solder test, 14-17 to 14-19 


testing, 14-6 to 14-12 


tin-lead surfaces, 14-5, 14-10 to 14-12, 


14-15 
wetting and, 14-5, 14-6 
Soldering: 
design for, 14-4 
with oil, 15-16 
quality control in, 17-2 to 17-9 
defective joints, 17-3 to 17-9 
defects, cause of, 17-3 to 17-9 
fluxes, 17-2, 17-3 
process control, 17-2, 17-3 
solder pot, 17-3 
Soldering irons, 15-8, 15-9 
Solvent-based cleaning (see Assembly 
cleaning) 
Specifications, list of, 19-21 
ANSI C8s,88, 3-8 
ANSI Y14.15, 1-14 
ANSI Y32.16, 1-14 


Federal Specification QQ-5-571, 15-2 


TEC-321, 1-14 
TEGC-326, 1-15 
IPC-CM-770, 1-13 
IPC-D-300, 1-13 
IPC-D-310, 1-13 
IPC-D-390, 1-13 
IPC-ML-975, 20-12 
MIL-C-21097, 3-8 
MIL-C-55302, 3-8 
MIL-D-1000, 1-14, 4-11 
MIL-G-55636, 20-12 
MIL-I-46058, 1-14 
MIL-P-13949E, 2-5, 4-3 
MIL-P-55617, 20-12 
MIL-P-55640, 20-12 
MIL-P-81728, 7-19, 7-20 
MIL-STD-LO0, 1-14 
MIL-STD-275, 1-14 
MIL-STD-1495, 1-14, 20-2 
USASI Y14.5-1966, 1-14 
Specifying purchased boards (see 
Purchasing) 
Stainless steel, etch-resist, 8-35 
Stamped circuits (die-cut), 1-10 
Swell and etch, 7-34 


‘Terminal area, 1-15, 1-22 
‘Termination (see Connectors) 
Test points, 3-14 
Testing: 
design consideration, 1-19 
quality assurance (see Quality 
assurance, testing) 
Thermomechanical analyzer (TMA), 
21-4 
Through-hole connections, 1-26 
‘Tin immersion, 7-33, 14-5, 14-14 
Tin-lead plating, 7-19 to 7-22 
Tin-lead surface, 14-5 
fused (reflow), 14-8 to 14-12 
problems, 14-11, 14-12 
Tin-nickel plating, 7-25, 7-26 
etch-resist qualities, 8-8 
gold-plated, 8-32 
solder-plated, 8-32 
Tin plate, 8-32 to 8-35 
Tin plating, 7-26 to 7-28 
etch-resist qualities, 8-7, 8-8 
specifications, 7-27 
Traceability, 18-12 
Transmission line, 24-22 to 24-25 


Ultraviolet (UV) curable resist, 8-9 
Undercut, 8-37 


Vapor cleaning, 16-9 to 16-12 
Vapor degreasing, 6-7, 6-8, 16-10 
Vibration, 1-28 to 1-32, 3-10 to 3-14 


‘Warp, cause of, 1-20 
(See also Laminates) 
Water-dip lacquers, 14-9, 14-10 
Water pollution, 9-2 to 9-6 
chemical waste, 9-2, 9-3, 9-6 to 9-12 
copper recovery, 9-23 
costs of treatment, 9-14 
effluent requirements, 9-3 
gold recovery, 9-20, 9-21 
palladium recovery, 9-23 
plating wastes, 7-13 
recovery, 9-17 
reeyeling, 9-17 to 9-23 
toxic materials, 9-2 
(See also Pollution control) 
Water treatment, 9-2, 9-17 to 9-23 
Wave soldering, 15-12 to 15-16 
bidirectional wave, 15-13, 15-14 
conveyor, 15-7 
design of wave, 15-12, 15-13 
lambda wave, 15-15, 15-16 
surface tension, 15-14, 15-15 
unidirectional wave, 15-13 
Wetting and solderability, 14-5, 14-6 
White residues, 16-12, 16-13 


es 


* conformal coatings 
© cleanliness testin 
new processes for piatin. 
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© computers and other 
© waste treatment and environ 
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are covered by specialists 
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Just a sampling of the vast range of 

specific problems this Handbook shows 

you how to solve... 

* How to design a cost-effective printed circuit board without 
compromising the material, hardware, or process 


* How to define and correct problems in one area that are affecting 
processes in other areas 
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* How to make up, maintain and correct chemical solutions for 
printed Cc uitry 


* How to dispose of environmentally dangerous chemicals acceptably 


* How to deal with environmental protection agencies 
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* How to handle design and production problems in single sided, 
double-sided, multilayer, flexible, additive, and hybrid circuits 


second 
edition 
LIVI 
McGRAW-HILL BOOK COMPANY e e a 
Serving the Need for Ki led A 
1221 Avenue serine nrasrcgs Han York, N.Y 10020 0-07-(42608-9 . 


